


INDUSTRI/^L CHEiVilSTRY 

BEING A SERIES OF VOLUMES GIVING A 
COMPREHENSIVE SURVEY OF 

THE CHEMICAL INDUSTRIES 

Edited uy SAMUEL RIDEAL, D.Sc. Lond., F.I.C. 

FELLOW OF UNIVBIvSITY COLLEGE, LONDON 


ASSISTED BY 


JAMES A. AUDLEY, B.Sc., F.I.C. 

W. BACON, B.Sc., F.I.C., F.C.S. 

E. DE BARRY BARNETT, B.Sc.,A.I,C. 
M. BARROWCI ■■ X', M.B.E., F.I.C. 

H. GARNER B NNETT, M.Sc. 

F. H. CARR, C.B.R., F.I.C. 

S. HOARE COLLINS, M.Sc., F.I.C. 
H. C. GREENWOOD, O.B.E., D.Sc., 
F.I.C. 

JAS. KEWLKY, M.A., Cantab, F.I.C. 
R. S. MORRELL, M.A., Ph.D. 


J. R. PARTINGTON, M.A., Ph.D. 
ARTHUR E. PRATT, B.Sc., Assoc.R.S.M. 
ERIC K. RIDEAL, M.B.E., D..Sc., M.A., 
Ph.D., F.I.C. 

W. H. SIMMONS, B.Sc., F.I.C. 

R. W. SINDALL, F.C.S. 

HUGH a TAYLOR. D.Sc. 

ARMAND DE WAELE, B.Sc. 

C. M. WHITTAKER, B.Sc. 

&c., &c. 




ANIMAL 'PROTEINS 


HY 

HUGH GARNER BENNETT, M.Sc.(Leeds) 

MEMBER OF THE SOCIETY OF LEATHER TRADES’ CHEMISTS; FORMERLY 
ASSISTANT LECTDHER AND DEMONSTRATOR AT THE LEATHER 
INDUSTRIES DEPARTMENT OF THE UNIVERSITY OK LEEDS 
AUTHOR OP “THE MVNUFACTURE OP LEATHER” 



LONDON 

BAILLIERE, TINDALL AND COX 

8, HENRIETTA STREET, COVENT GARDEN 
1921 

{All rights raen'td) 



FKINTKD IN GRKAT BRITAIN 



GENERAL PREFACE 


The rapid developmeift of Applied Chemistry in recent years 
has brought about a revolution in all branches of technology. 
This growth has been accelerated during the war, and the 
British Empire has now an opportunity of increasing its 
industrial output by the application of this knowledge to the 
raw materials available in the different parts of the world. 
The subject in this series of handbooks will be treated from 
the chemical rather than the engineering standpoint. The 
industrial aspect will also be more prominent than that of 
the laboratory. Each volume will be complete in itself, and 
will give a general survey of the industry, showing how 
chemical principles have been applied and have affected 
manufacture. The influence of new inventions on the 
development of the industry will be shown, as also the 
effect of industrial requirements in stimulating invention. 
Historical notes will be a feature in dealing with the 
different branches of the subject, but they will be kept 
within moderate limits. Present tendencies and possible 
future developments will have attention, and some space 
will be devoted to a comparison of industrial methods and 
progress in the chief producing coimtries. There will be a 
general bibliography, and also a select bibliography to follow 
#each section. Statistical information will only be introduced 
ii| s J far as i^ serves to illustrate the line of argument. 

Each book will be divided into sections instead of* 
chapters, and thg sections will deal with separate branches 
of the subject in the manner of a special article or mono- 
graph. An attempt*will, in fact, be made to get away from 
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the orthodox lextbodk manner, ^ not only to make the treat- 
ment original, but also to appeal to the very large claes pf 
reader^ already possessing good textbooks, of which *tljcre 
are quite sufficient.' The books should also be found useful 
by men of affairs having no special teclinical knowledge, but 
who may require from time to time to refer fo teclmical 
matters in a book of moderate compass, with references to 
the large standard works for fuller details on special points 
if required. , v 

To the advanced student the bool/> should be especially 
valuable. His mind is often crammed with the hard facts 
and details of liis subject which crowd out the power of 
realizing the industry as a whole. These books are intended 
to remedy such a state of affairs. While recapitulating the 
essential basic facts, they will aim at presenting the reality 
of the living industry. It has long been a drawback of oux 
teclmical education that the college graduate, on commencing 
his industrial career, is positively handicapped by his 
academic knowledge because of his lack of information on 
current industrial conditions. A book giving a compre- 
hensive survey of the industry can be of very material 
assistance to the student as an adjunct to his ordinary text- 
books, and this is one of the chief objects of the present 
series. Those actually engaged in the industry who have 
specialized in rather narrow limits will probably Qnd these 
books more readable than the larger textbooks when they 
wish to refresh their memories in regard to branches of the 
subject with which they are not immediately concerned. 

The volume will i^lso serve as a guide to the standard 
literature of the subject, and prove of value to the con- 
sultant, so that, having obtained a comprehensive vie^ of 
the whole industry, he can go at once to the'prop^ 
authorities for more elaborate information on special points, 
and thus save a couple of days spent in hunting through the 
libraries of scientific societies. 

As far as this country is concerned, it is believed that 
the general scheme of this series of handbooks is unique, 
and it is confidently hoped that i^ will supply mental 
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mimiti^ons for the coming industrial wslz. I have been 
foxAiiaate in*securing writers for the different volumes who 
are*^lJ<:ially connected with the several departments of 
Industrial Chemistry, and trust that the whole series will 
^contribute to the furthej developnjient of applied chemistry 
throughout t*he Empire. 

Samuel rideal. 




AUTHOR’S PREFACE 

It has been the author's chief concern that this volume 
should fulfil its own part in the programme set forth in 
Dr. Rideal's General Preface. 

The leather, glue, and kindred trades have been for 
many years recognized as chemical industries, but the great 
development of colloid chemistry in the last few years has 
given these trades a more definite status as such, and they 
can now be placed in the category of applied physical 
chemistry. The time is probably not far distant when 
some knowledge of pure physical chemistry will be a first 
essential to students, chemists, chemical engineers, and to 
all engaged in these industries in supervision, administration, 
or control. It is hoped that this volume will stimulate the 
study of these industries from that standpoint. 

As the author has previously written upon one of the 
industries involved herein (“The Manufacture of Leather “ : 
Constable & Co.), he has, rather inevitably, found it difficult 
to avoid altogether his own phraseology. The changes of 
a decade, however, together with the wjder field and newer 
view-point, have made possible a radical difference of 
treatment. 

^^"TCe^uthor desires to acknowledge the help he has 
r?ceivad‘ from Die many books, essays, and researches which 
are mentioned in the references at the end of each section, 
especially to Procter's “ Principles of Leather Manufacture," 
and also to thank*Dr. Rideal for many useful suggestions. 
The author would like*also to acknowledge here his indebted- 
ness (as well as that A the trade generally) Jo the work of 

tx 
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Dr. J . Gordon Parker, who, thvough his researches, l^ttjres, 
and teaching work, has done more than any other man. to 
disseminate a knowledge of practical methods of tarniijigi' 

The author's thanks are also due to his hirother, Mr. W. 
Gordon Bennett, M.Sc., A.I.C., M.C., for assistance in proof^ 
revision, and to his father. Rev. John Bennett, for some 
literary criticism. 

H. GARNER BENNETT 

Beverley, 

/ u »(, 1921. 
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INmODUCTION 

Proteins are organic compounds of natural origin, being 
found in plants and in animals, though much more plenti- 
fully in the latter. They are compounds of great complexity 
of composition, and of very high molecular weight. The 
constitution of none of them is fully understood, but although 
there are a great number of different individual proteids, 
they present typical resemblances and divergences which 
serve to differentiate them from other groups of organic 
bodies, and also from one another. 

Proteins resemble one another in both proximate and 
ultimate analysis. They contain the usual elements in 
organic compounds, but in proportions which do not vary 
over very wide limits. This range of variation is given 
approximately below : — 


Element. 

Per cent. 

Carbon 

••49 to 55 

Hydrogen 

.. 6 4 to 7 3 

Oxygen 

. . 17 to 26 

Nitrogen 

• . . 13 to 19 

Sulphur 

.. 0*3 to 3*0 

• 


The^fltost characteristic feature of the protein group is 
th^ amount of nitrogen usually present. This is generally 
neared the higher limit, seldom falling below 15 per cent. 
This range for the nitrogen content is determined largely 
by the nature of constituent groups which go to form the 
proteid molecule. Roi^hly speaking, proteins consist of 
chains of araido-acids 5 nd acid amides with ^mailer pro- 
portions of aromatic groups, carbohydrate groups and thio 
E. I 
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compounds attached. In th^se chains an acid radicalLnia] 
combine with the amido group of another anfido add, th( 
acid group of the latter combining with an amido •grtup o 
another amido acid, and so on. Hydrogen may be substitutec 
in these chains by alkyl or aromatic groups. There, g 
obviously infinite possibility of variation in constitutior 
for compounds of this Character, the general nature of whici 
varies veiy little. Practically all of the proteins* are found 
in the colloid s\ate, and this mak^s them very fiifficult to 
purify and renders the ultimate •analysis in many cases 
doubtful. It is, for example, often difficult to ascertain 
their moisture content, for many are easily hydrolyzed with 
water only, and many part easily with the elements of water, 
whilst on the other hand many are lyophile colloids and 
practically cannot be dehydrated or dried. A few, such 
as gelatin and some albumins, have been crystallized. 

The constituent groups have been investigated chiefly 
by hydrolytic methods. The chains of amido acids are 
split up during hydrolysis, and individual amido acids may 
thus be separated. The hydrolysis may be assisted either 
by acids, alkalies or ferments, but follows a different course 
according to the nature of the assistant. Under approxi- 
mately constant conditions of hydrolysis, the products 
obtained are in approximately constant proportions, and 
this fact has been utilized by Van Slyke in devising a method 
of proximate analysis. It is not possible in this volume to 
enter deeply into the constitution of the different proteids. 
Reference must be made to works on pure chemistry, 
especially to those on advanced organic chemistry. It will 
be interesting, however, to mention some of the amido 
acids and groups commonly occurring in proteidor Thfsse 
comprise ornithine (i : 4 diamido valeric acid), lysine ^ : 5 
diamido-caproic acid), arginine (i amido, 4 guanidine raleric 
acid), histidine, glycine (amidoacetic acid), alanine (amido 
propionic acid), amido- valeric acid (amido-iso-caproic acid), 
liadne, pyroUidine carboxylic acid, aspartic add, glutamic 
acid (amidcHglutaric add), phenyl-ulanine, serine (hydroxy- 
amido propionic acid), purine derivatives (e.g. guanine), 
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ind(/ jjerivatives (e.g. ttyptophane and skatol acetic acid), 
C5'Stine (a tMoserine anhydride), glucosamine, and urea^ 

Th^ are a few general reactions which are typical of all 
proteins, and which can usually be traced to definite groupings 
jn. the molecule. Amongst these -is the biuret reaction: a 
pink colour obtained by adding a trace of copper sulphate 
and an excess of caustic soda. This^s caused by the biuret, 
NH(CO.;^^H2)2 radical or by similar diaci(iimifie groups, 
e.g. malofiamide, oxamitle, glycine amide. Another general 
reaction is with “MilloTi's reagent," a solution of mercuric 
nitrate containing nitrous fumes. On warming the proteid 
with this reagent, a curdy pink precipitate or a red colour 
is obtained. This reaction is caused by the tyrosine group 
(p. oxy a amido phenyl-propionic acid). Another general 
reaction is to boil the protein with i : 2 nitric acid for some 
days. A yellow flocculeiit precipitate of “ xanthoproteic 
acid " is obtained, and tliis dissolves in ammonia and caustic 
alkalies with a brown or orange-red colour. Another 
characteristic of proteins is that on dry distillation they yield 
mixtures of pyridine C5H5N, pyrrol C4H5N, and their 
derivatives. 

On the subdivision, classification and nomenclature of 
the proteins much ink has been spilled, and it is impossible 
in this volume to go into the various systems which have 
been suggested. It should be noted, however, that some 
writers habitually use the terms “ proteid " or “ albuminoid " 
as synonyms for protein. The classification of proteins 
adopted in this work is used because it is the most suitable 
for a volume on industrial chemistry and has the additional 
merits that it is simple and is already used in several 
st^ndwd works on industrial chemistr>'. It is based upon 
th^ behaviour of the proteins towards water, a matter of 
obvious momeirt in manufacturing processes. On this basis 
proteins may be divided into albumins, keratins and gelatins. 

Cold water dissolves the albumins, does not affect the 
keratins, and only swgUs the gelatins. The behaviour in 
hot water confirms and*elaborates the classificgtion. When 
heated in water, the albumins coagulate at temperatures of 
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70°“75° C., the gelatins (if swollen) dissolve readilyf whilst 
the keratiiA onl}’ dissolve at temperatures aBove roo° C. 
Albumins and keratins may be distinguished alSio^from 
gelatins by adding acetic acid and potassiifln ferrocyanide 
to their aqueous solutions. AlbyiAins and keratins give ^ 
precipitate, gelatins do not. Another distinguishing reaction 
is to boil with alcohol, wash with ether, and heat with hydro- 
chloric a6id rz). Albumins give a violet colour, 

keratins and gelatins do not. 

Albumins may be first discufsed. They are typified 
by the casein of milk and b}' white of egg. Their solutions 
in water are faintly alkaline, optically active, and Igevo- 
rotatory. They are coagulated by heat and also by mineral 
acids, alcohol, and by many poisons. The temperature of 
coagulation (usually about 72*" C.) is affected by mineral 
salts, the effect being in lyotrope order (see Part V., Section 
L). The coagulated albumin behaves in most respects like 
a keratin. Some of the albumins (globulins) are, strictly 
speaking, not soluble in cold water, but readily dissolve in 
weak solutions of salt. The albumins arc coagulated from 
these solutions, as usual, when heated. Into this special 
class fall myosin (of the muscles), fibrinogen (of the blood) 
and vitellin (of egg yolk). By a gentle or limited hydrolysis 
of the albumins with dilute acids in the cold, a group of 
compounds called albuminates are obtained. Ttiey dissolve 
in either acids or alkalies, and are precipitated by exact 
neutralization. They may also be “ salted '' out by adding 
sodium chloride qr magnesium sulphate. They are not 
coagulated by heat. After further hydrolysis with either 
acids, alkalfes or ferments, very soluble compounds are 
obtained called albumin peptones or albunioses. %ese »re 
soluble in alkalies, acids and water, and are readily hyciro- 
lyzed further into amido acids and acid an!Hdes. Th^ are 
very similar to the peptones obtained from keratins and 
gelatins. They are not coagulated by Heat. 

Keratins are typified by the hair of animals. They 
soften someivhat in cold water and^’even more in hot water, 
but are not dissolved until digested for some time at tern- 
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per^ftijes exceeding ioo° C. -With somt keratins, however, 
the cystine group is to some extent easily split by warm 
wate^, tnd on boiling with water hydrogen sulphide is 
evolved. The* sulphur content of keratins is often greater 
tl\an the average for lyoteids. All keratins are dissolved 
with great readiness by solutions containing sulphydrates 
and hydrates, e.g. a solution of sodfuni sulphide. In solu- 
tions of the hydrates of the alkali and alkaline eajth metals, 
keratins behave differeiftly. Some dissolved with great ease, 
some with difficulty, some only on heating and some not 
even if digested with hot caustic soda. They are dissolved 
(with hydrolysis) by heating with mineral acids, yielding 
peptones and eventually ainido acids, acid amides, etc. 
Many keratins have a comparatively low content of nitrogen. 

Gelatins are ver\' difficult to distinguish troni one 
another, their behaviour being closel>' similar to reagents. 
They are also very readily hydrolyzed even with water, and 
the products of hydrolysis are even more similar. The 
gelatins are known together, commercially, under the 
general name of gelatine. Gelatins of different origin, how- 
ever, have undoubtedly a different composition, the nitrogen 
content being variable. If the gelatins arc not bleached 
whilst they are being manufactured into commercial gelatine, 
they are called “glue. ' Gelatine is colourless, transparent, 
devoid of taste and smell. It is usually brittle. Its S.G. is 
about 1-42, and it melts at 140"^ C. and decomposes. It is 
insoluble in organic solvents. When swelling in cold water 
it may absorb up to 12 times its own weight of water. The 
swollen product is called a “jelly." Jellies easily melt on 
heating and a colloidal solution of gelatine, is obtained. 
Tifus “%sets " again to a jelly on cooling, even if only i per 
cont. gelatin (or less) be present. The solution is optically 
active and laaii^orotatory, but with very variable specific 
rotation. Some observers have thought that the different 
gelatins have diffeient specific rotations and may so be 
distinguished. Gelatii^ are precipitated from solutions by 
many regents, such as alcohol, formalin, quinone, meta- 
phosphoric acid, tannins, and many salt solutiSns, e.g. those 
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of aluminium, chromium and iron, and of mercuric cjilqfide, 
zinc sulphate, ammonium sulphate, potassium carbonate, 
acidified brine. Many of these precipitations have analogies 
in leather manufacture (see Parts I. to IV.^. The gelatin 
peptones or gelatoses are. formed by hydrolysis with acids^ 
alkalies, ferment or even by digestion with hot water only. 
A more detailed description of the properties of gelatine is 
given in Part V., Section I. Gelatine is sometimes called 
“ glutiii " and'^' ’ossein.” 


Animals are much the most important source of proteins, 
especially of those which are of importance in industrial 
chemistry. Proteins occur in nearly eveiy^ part of all 
animals, and the ‘‘ protqdasm ” of the living cell is itself 
a protein. The keratins include the horny tissues of 
animals : the epidermis proper, the hair, horns, hoofs, 
nails, claws, the sebaceous and sudoriferous glands and ducts, 
and also the elastic fibres. The gelatins are obtained from 
the collagen of the skin fibres, the bones, tendons, ligaments, 
cartilages, etc. Fish bladders yield a strong gelatin. The 
albumins are obtained from the ova, blood, lymph, muscles 
and other internal organs of animals. 

The classification of proteins herein adopted fits in well 
with the scope and purpose of this volume. The keratins 
are of little importance in chemical industry, -but are of 
immense importance in mechanical industry, e.g. the woollen 
trade, wliich is based upon the keratin comprised by sheep 
wool. The collagen of the hide and skin fibres is of vast 
importance to chemical industry, and is the basis of the 
extensive leather trades discussed in Parts I. to IV. The 
waste pieces of these trades, together with bones, ferm the 
raw material of the manufacture of gelatin and glue, tas 
discussed in Part V. The proteids of aniiAals’ fleshy and 
blood, milk and eggs form the source of the food proteins 
discussed in Part VI. The food proteins embrace chiefly 
albumins, but gelatins and even k^atins are involved to 
some extent. 



Part I.-HIDES FOR HEAVY LEATHERS 


Secwon I.— the raw mate^ehal of 

HEAV,Y LEATHERS 

The term “hide" possesses several shades of meaning. 
In its widest sense it applies to the external covering of 
all animals, and is sometimes used derogatively for human 
skin. In this wide sense, it is almost synonymous with 
the term “ skin." The term “ hide," however, has a 
narrower meaning, in which it applies only to the outer 
covering of the larger animals, and in this sense is used 
rather in contrast with the term “ skin." Thus we speak 
of horse hides, cow hides, camel hides, and buffalo hides. 
It is used in this sense in the title of Part I. of this volume. 
As such hides are from large animals, the leather which is 
manufactured therefrom is thick and in large pieces, and 
is therefore commercially designated as “ heavy leather." 
From the standpoint of chemical industry hides are amongst 
the most important of animal proteins, and their trans- 
formation into leather for boots, shoes, belting, straps, 
harness, and bags comprises the “ heavy leather trade," 
which is one of the largest and most vjtal industries of the 
country. The heavy leather trade predominates over other 
branches of leather manufacture, not only because of the 
comparatively large weight and value of the material 
handled, but also because the resulting products have a 
more essential utility. There is also a still narrower use 
of the term “ hide," in which it applies only to the do- 
mesticated cattle — the ox, heifer, bull and cow — which 
use arises from the fact that the hides of these are both 
the largest and most Valuable portion of thg raw material 
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of the heavy leatlier industries. In a very narrow isense 
the term is also sometimes applied only tp ox* h!des, 
which for* most heavy leathers are the id^al^ raw 
material. 

The Home Supply of hides forms a large important 
proportion of* the total* raw ma^;erial. Its* importancef 
moreover, is rapidly ^increasing, for the excellence and 
abundance of the home supply determines the extent to 
which it i§ ne^<:^sary for the industry to purchase its raw 
material abroad. The position of our national finances 
makes this an increasingly serious matter, for hides are 
comparatively a very expensive material. 

The quality of our home supply of hides is very valu- 
able, being determined by the conditions of the animal’s 
life, its precise breed, and by other factors such as age 
and sex. The best hides are usually obtained from animals 
which have been most exposed to extremes of wind and 
cold, as such conditions tend naturally to develop a thicker 
and more compact covering. Broadly speaking, these 
include the hides from cattle of the northern and hilly 
districts. The age of the animal when killed is also a 
dominating factor. Calf skins are very soft, fine giained 
and compact, the state of rapid growth favouring the 
existence of much inte^llbrillar substance. The youngest 
animals supply suitable raw material for various light 
leathers (see Part II., Section V., p. 120), and are also very 
suitable for chrome work (see Part III., Section III., p. 156). 
Bull and cow hides, on the other hand, are from animals 
whose growth is complete, and show in consequence a lack 
of interfibrillar substance, coarse fibres and a rough and 
often wrinkled grain. The resulting leather tends conse- 
quently to be spongy, thin, empty and non- waterproof? 
Intermediate between these extremes are the hides tof tlfe 
ox and heifer, large, yet of good texture, and'well supplied 
with interfibrillar substance. These hides are much the 
best for sole leather, a firm, smooth-gramed and w'ell -filled 
leather being needed. The term “ kip ” is often applied 
to small hide^s and to hides from large calves. In the 
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trader however, “kip'* is sometimes used also for larger 
hides, ^as a verbal enhancement of value ; just as a man 
with a ^w old fowls is said to keep “ chickens.'^ Cow-hides 
tend td be “ ^ready," ix. to have a la'rge area per unit 
weight, and are therefore more suitable for dressing leather, 
^ull hides ate thicker in ‘the neck and belly, and thinner 
in the back, which characteristics ^duce their commercial 
value. - 

Markdt liides are iold by weight, aii^ are therefore 
classified chiefly by they: weight, which is marked on near 
the tail by a system of knife-cuts. Tlie animals are flayed 
after cutting the hide down the belly and on the inside 
of the legs. 

Of the various breeds, “ Shorthorns “ yield a large 
supply of useful hides. The name, liowever, covers a 
variety of similar breeds, and the hides therefrom are 
rather variable in texture and quality. They tend to be 
greasy owing to high feeding. The “ Herefords,” ob- 
tained from Midland markets, are generally excellent hides 
for sole and harness leathers. They give a good yield of 
butt pelt, a stout and smooth shoulder, and are not often 
greasy. Devons " yield a good-textured and well-grown 
hide, but are often badly warbled (see p. lo). The 
“ Sussex " cross breeds yield somewhat larger hides. 
“ Suffolk Red Polls," common in East Anglia, yield a good 
butt, and the cow hides make good dressing leather. 
“ Channel Island " cattle yield very thin hides, but with a 
fine undamaged grain. Scotch hides possess deservedly 
the very highest reputation. The /climatic conditions 
favour the production of a hardy race of cattle with thick 
well-gr^wn hides, yielding a large proportion of butt, 
l^hese hides are amongst the best obtainable for heavy 
leatliei* and particularly for sole leather. “ Highlanders/* 
“ Atierdeen Angus," “ Galloways " are typical breeds, with 
short neck, legs and straight backs. Cross breeds are also 
excellent {e.g, “Scotch vShort horns '*). The natural value 
of these liides is further enhanced by the usual care in 
flaying. “ Ayrshires *^ yield good milch cows and conse- 
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quently yield often a more spr^ady hide. The Welsh lifr^eds 
for rather similar reasons also yield valuable# hides^ The 
Irish*"' Kerrys " are small but stout, and yield hidesisujtable 
for light sole leather. Irish crossbreeds, Sl\orthom*s, have 
a rather bad reputation, and are ofjten ill flayed. 

All the varieties of the horfte supply are subject t<f 
various defects, which ^influence seriously their commercial 
value. One of these defects is warble holes (fr marks, 
caused by the^x Warble fly [Hypioderma bovis).* This is 
a two-winged fly about half an i^ch long. The larva of 
this fly, the “ Warble maggot,” lives and thrives in the skin 
of cattle, and causes a sore and swelling. The life-history 
of this insect is still in dispute, but it is generally thought 
that the eggs are laid in the hair on the animal's back, 
and the young larva cats its way through the hide until 
just below the dermis, and there feeds until mature. It 
then creeps out of this ” warble hole,” falls to the ground, 
pupates for a month, after which the imago or perfect 
insect emerges from the chrysalis. Hides which have been 
thus infected have, in consequence, often quite a number of 
holes through the most valuable part of the hide, thereby 
rendering it unsuitable for many kinds of leather. Even 
old “warbles” which have more or less healed up are a 
weakness, and warbled hides and leather fetch a decidedly 
lower price than undamaged. Another of thes^ defects is 
bad flaying. Clearly the hide should be as little cut as 
possible, but many of our market liides are abominably 
gashed and often cut right through. This, of course, often 
reduces seriously tli» commercial value of the hide. Careless 
treatment after flaying also results in another common 
defect, viz. taint. As the term implies, the hide is^partly 
putrefied, sometimes only in patches, but sometin^s 
also so extensively as to render the hide qujte rot^^and 
quite incapable of being made into leather at all. Hides 
are of course putrescible, and dirt, bloqd, dung and warm 
weather encourage rapid putrefaction. As market hides 
are usually uncured, this defect is /constantly appearing, 
and is a caus% of considerable loss. Other defects are due 
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to to the animal before it is ‘killed, e.g. brands, 

scratches due to hedges and barbed wire, old |cabs, goad 
and t|ir%narks. All these reduce the value of the hide* 

All Ihe defects in hides involve a very serious loss to 
th^ community, and th% time is r^ipidly approaching when 
their continuance is insuperable. The loss is not usually 
very considerable to any individual, tJiough very large in the 
^ggr^gate*. The hide is a minor part of the beast's value, 
and a sd^newliat damjf|ged hide does not •Involve a very 
serious loss to the farmer. vSome with tyt)ical stupidity 
regard a few warbles as “the sign of a healthy beast.” 
These defects involve practically no loss to the hide 
merchant, tanner or currier, as each pays less for damaged 
material. The loss falls upon the community, and the time 
is ripe for the community to insist upon the elimination of 
these defects. The national resources will be for some 
years strained to their uttermost, and jne vent able damage 
must be considered intolerable. The principal defects in 
hides are preventable, and ought to be prevented. The 
warble fly could, by a united effort, be rendered before long 
practically extinct, a task which is facilitated by the fact 
that it is not migrative. Bad flaying and careless treat- 
ment of hides resulting in putrefaction are still more easily 
remedied. The communal slaughter-house is long overdue 
from the standpoint of public health, and would, under 
conditions of cleanliness and skilled workmanship and 
oversight, also solve the problem of ill-flayed and tainted 
hides. 

The question of the raw material i^of first importance 
to the leather trades. There w^as, before the commencement 
the ij)uropean War, a steadily increasing scarcity of hides, 
causing a constant increase in their price. This was due 
partJy to thejact that cattle were increasing at a less rate 
than the population, partly to the growth of civilization, 
and more extensible use of leather in proportion to the 
world's population, and partly to the constant discovery 
of new uses for leathei, e.g. for motor cars, aeronautics, etc. 
The question of raw material was under th^e conditions 
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serious enough. Tlic terriiic. slaughter, necessary the 
same time ^o provide the belligerents with food apd the 
army with leather, is bound to result in a serious €ri%is for 
the leather industries ; and in conjunction with the country’s 
financial condition, will make it aj3Solutely necessary that 
all care should be taken with the*raw material of one of our 
most important industcies. The farmer who pays no heed 
to the warble fly, the man who gashes the hide In flaying 
and who allo)^» the hide to putrefy, are equally criminal 
with the man who throws bread crtists into the dustbin. 

It is impossible to foresee, as yet, anything in the nature 
of a satisfactory solution to the problem of raw material, 
especially in respect to heavy leather production, for the 
food question will rank first in the popular mind, and the 
earlier slaughter enjoined for the more economical produc- 
tion of meat will scarcely tend to increase the proportion 
of heavy hides. 

The Foreign Supply of hides is also of great importance 
and value. In the case of imported hides precautions to 
prevent putrefaction are essential, and some method of 
“ curing ” is always used. 

Salting the hides is one of the most satisfactory methods 
for temporary preservation. The action of salt is hygro- 
scopic, and mildly antiseptic. Moisture is withdrawn from 
the hides, which are then under conditions no longer favour- 
ing the growth of bacteria. Well-salted hides will keep for 
years, especially if quite clean. A light salting is also useful 
for a short preservation, and is becoming common in hide 
markets and tanneries during the summer and autumn 
months. Salting is a method used extensively in the 
United vStates. The “ packer hides " of the stogjcyarc^ 
are carefully and systematically salted with about g5 
per cent, of salt and stored in cool cellars. /The hfde% are 
so piled up in heaps, that brine easily drains away. The 
great disadvantage of salting is the so-qalled “ salt stains.” 
These stains have been ascribed to the iron in the salt, to 
the iron in the blood, to calcium sulphate in the salt, and 
also to chrom^genic bacteria, whose development is favoured 
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by siilting. The relative importance of 'these factors is not 
yet satisfaclt)rily determined, but cleanliness and pure salt 
tend to Eliminate the trouble. 

Drying tlie hides is a less satisfactory cure. The 
principle is similar, viz.*renioval of moisture. Dried hides 
are, however, much dricr*than salted, and are quite hard 
and horny, hence the name “ flint hides." The hides also 
lose mucli weight, a considerable advantage in reducing 
freight, tropical hidc% are often flint-(i^, and where 
preservatives are expensive or unprocurable, it is often the 
only practicable method of cure. Nevertheless, the method 
has man> serious disadvantages, and is difficult to execute. 
If dried too slowly the hides putrefy partially ; if too quickly 
they dry on the outside, and the interior is left to putrefy. 
The fact that hides are of uneven thickness, and the climate 
often hot, increases the difficulty, and often results in 
partial destruction of the fibrous structure of the hide. 
When dried, moreover, the hides are still subject to the 
attacks of insect larvse, for the prevention of which the 
usual sprinkling of naphthalene or arsenic is only an imper- 
fect remedy. This method of cure is also a nuisance to the 
tanner, who has to employ labour, pits and time in attempt- 
ing to restore the hides to their original condition, and often 
loses up to ten per cenf. of the goods in so doing. Dried 
hides are also subject to the presence of anthrax. 

Dry Salting the hides is an excellent method of curing. 
As the name implies, it combines methods of drying and 
salting which are used alternatively. The method is used 
extensively in South America. A modified form of it is 
also used for preserving the “ E.I. kips," which are cmed, 
Jiowe'sjer, not with common salt, but with earth containing 
Mp to^o per cent, of sodium sulphate. Dry-salted hides are 
largely free ^rom the defects of dried hides, but of course 
are more trouble to the tanner in the process of soaking 
(see Section II., p*i6) than the wet-salted goods. 

Freezing the hides is now a commercial process. On 
the whole the process is satisfactory, but the expansion of 
water after freezing may tend to damage tho hide fibres. 
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Sterilizing the . hides has been frequently suggested, 
but no method has yet been advocated which dges not 
interfere either with the tanning processes or witji the 
quality of the finished leather. , 

Hides from the European Continent, usually wet salted 
and well flayed, exhibit much the same variable quality 
as the home supply, ^those from highland districts tend- 
ing to be thick, yet even, well grown, tight textured and 
smooth grainii^, whilst those frotn lowland regions are 
less satisfactory. Thus hides frpm the Swiss Alps and 
Scandinavia have ranked high, whilst the spready Dutch 
cows are typical of a lowland hide. In the hides which 
once came from Germany the same features appear. Ba- 
varian highland hides had an excellent reputation, whilst 
those from Berlin, Cologne, etc., tended to be long in shank 
and not well grown. Prench hides are often ill flayed, and 
Spanish and Portuguese are often subject to scratches. 
Italian hides have a very good name, being small but stout 
in butt. 

The American supply is important. South America 
yields an excellent class of hide, salted or dry-salted. They 
are from an excellent breed of animals, slaughtered and 
flayed witli every care, and efficiently cured. A most 
serious defect in this class of hide is the “ brand,” which 
is both deep and large and in the most valuable ^art of the 
hide. One side, however, is usually unbranded, so that each 
hide yields one good ” bend.” These hides, e.g. Frigori- 
fics,” have recently been much more extensively tanned in 
Britain because of shortage in the home supply of market 
hides caused by the European War. South America also 
yields good horse hides. North American hides are i?isually 
wet-salted {e.g. packer hides). They are usually goo;^. 
Central America yields mostly dried hides exhibiPfhg^the 
usual defects. 

The Asiatic supply comprises the frozen China hides, 
which are clean but small, with flaying of uncertain quality. 
There are the buffalo hides from Asia and East Europe, 
which are sujjtable for cheap and sole and strap leather. 
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and^^ the dry-salted E.Ih kips/' obtained from a small 
breed jof Indian cattle, and extensively made^ into upper 
leath«r> The Asiatic humped cattle also provide a limited 
supply/ The African supply is of increasing importance. 
The tropical parts yield dried hides of uncertain quality, 
fmt the more temperate paVts of South Africa yield a growing 
supply of good quality. 
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Section II.-TH& PREPARATION OF PELT 

Before hides ^re tanned it is necessary for them to pass 
through a series of preparatory icocesses. The object of 
these processes is to obtain from the hide the true hide 
substance in a pure and suitable condition. Each class of 
leather has its own appropriate processes, the adjustment 
of which largely determines the quality of tlie finished 
article. So prominent is the influence of these preparatory 
methods that the paradox “ good leather is made before 
tanning" is in trade circles almost a platitude. These 
processes, sometimes lumped together under the general 
name of “ Wetwork," comprise soaking, liming, beam 
house work and deliming. These will be discussed in 
turn. 

The term applied to the hide after these processes, but 
before tannage, is " pelt." 

Soaking has for its object the cleansing and softening 
of the hides, chiefly by means of water. It a^’ms at the 
removal of dirt, blood, dung, and curing materials by 
washing. The process is usually simple, and is much the 
same for all classes of leather. The ideal to be aimed at 
is to restore the hide to its condition when it left the animal’s 
back. Cleanliness in leather manufacture is as essential 
at the commencement as anywhere, for the hide is in its 
most putrescible state. The soluble proteids (blood, Jymph, 
part of dung, etc.) which always adhere hides ‘ en- 
courage the rapid growth of putrefactive bacteria, and 
cannot be washed away too soon. Dung is often difficult 
to remove, being caked on the butt ^nd amongst the hair. 
Soaking only softens it, and mechani:al removal is usually 
necessary. If such substances are not removed, they go 
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forwyd^with the goods into the lime liqu’ors, causing stains, 
loss of hide substance, and counteracting plumpijg. 

Th^ detailed method and time of soaking are determined 
mainly by the ijature of the cure. One of the purposes of 
the soak liquors is to dissolve the salt used in curing hides 
afid to rehydrate tlie hide ai!d make it again soft and pliable. 
As a 10 -per-cent, salt solution exerts g solvent effect on hide 
substance, nt is necessary soon to change the first sq^k liquor 
of salted ^ods. 

Market hides, which^ are uncured, require the least 
soaking, the cleansing effect being most needed. The 
hides are inserted into pits (“ water dykes ") of water for 
a few hours, and the water changed once or twice. The 
soaking should not be prolonged as the hides are so putre- 
scible, and where it is customary to leave the goods in a 
soak licjuor overnight, it is advantageous to add a little slaked 
lime to the water before inserting the goods. This not only 
softens hard water, but is mildly antiseptic and plumping, 
and forms a suitable introduction to the liming proper. 
Ivacii pit contains a “ jiack " of 30-50 hides, according to 
its capacity, Avhich claries in different tanneries from 1000 
to 2000 gallons. Tainted goods, which are indicated by 
a characteristic white colour on the flesh side and by loose 
hair, need a preliminary ‘washing either in a “ drum," 
tumbler or in a ‘‘ paddle." This ensures a rapid 
change of liquor and the removal of most of the putre- 
factive agencies. Bad cases may need the application of 
antiseptics, such as immersion in O’l per cent, carbolic 
acid ; but if possible these should be* avoided, as they 
lengthen the time required for liming. After drumming 
or paddling, tainted goods should be placed directly into a 
lime liquor. 

Sahefl hid^s need very similar treatment to uncured 
hides, but the soaking is longer, because of the dehydration 
caused by salting. IJence they receive also a greater number 
of changes of water, three or four usually, but often more. 
As much loose salt as possible should be shaken from the 
hides before insertion into any liquor. The employment of 
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drum or paddle before pit ^soaking is extremely to 

effect thc^ rapid removal of superficial sali, aii^ is also 
useful after pit soaking to remove the last traces. ^ , 

Dried and dry-salted goods need a soaking ^ill more 
prolonged, up to one week if wofer alone be used. With 
the assistance of caustic soda, fiowever. tlie process can fie 
shortened to about t^o days. The first soak liquor should 
consist of a o i per cent, solution of caustic sodi!, and after 
the goods ha^‘ lxH‘n inserted twc^ity-four hour§, they will 
be materially improved by a /tw hours’ drumming or 
paddling. Another caustic soda soak will complete the 
process. Sodium sulphide crystals may replace caustic 
soda, but about three times the weight will be needed. 
Carbonate of soda and caustic lime also are a convenient 
commercial substitute lor caustic soda. For lo lbs, caustic 
soda, use 36 lbs. carbonate and 7 lbs. lime. Ivxtra lime 
should be added in all cases when the water is hard. Acid 
liquors will also soften dried and dry-salted goods, but 
such processes do not fit in so well with the subsequent 
liming. The use of juitrid soaks and stocks may be now 
considered out of date. 

Liming follows soaking, and consists essentially in 
iinniersing the hides for 7-10 days in milk of lime. The 
chief object in view is to loosen the hair and prepare for 
its mechanical removal. laming takes place Jn pits, the 
tops of which are level with the limeyard floor. The lime 
is slaked completely and mixed well with water in the pit, 
being particularly well plunged just Ixdore the insertion 
of a jiack of gocxls, v^atiirated limewater is only a 0‘i3- 
ix‘r-cent. solution. The goods are occasionally “ handled," 
i.e. hauled out of the pit and reinserted after plunging 
(“hauling" and “setting"). This is necessary to keep 
the liquor saturated with lime. Tlie hides are' ii^^rted 
one by one, each being “ poked down " to ensure its contact 
with the liquor. The goods are invariably immersed first 
in a previously used lime liquor. Most tanneries now carry 
this out in a systematic way, so to ensure regularity in 
the proc'ess. As the goods are large and heavy it is less 
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laborit>h»to carry out the whole process in one pit. In this 
" one -pity system ” the goods are inserted for fpur 

days ill* a^n old used lime liquor, with occasional handling ; 
this liquor is tht^ run to the drain and a new liquor made 
uj^ in the same pit, into Vhich the goods are* inserted for 
(say) live days. Tliey are then hauled and sent to the 
unhairers. l{ach pack thus gets two Ifipiors, old and new. 

A better iiietliod is tjie “three-pit systc^j^i.’’ 'In this 
case each pack receives three liquors and has (say) three 
days in eacli, first an “ old Hme,” then a “ medium lime,” and 
finally a “ new lime.” This system ensures a greater regu- 
larity of treatment, and is deservedly the most popular 
method for liming liides for sole leather, After being used 
once as a “ new lime.” a liquor then becomes a “ medium 
lime,” and after being thus used becomes the “old lime ” 
which receives the green hides from the soaks. The 
system involves the goods being shifted twice to another 
pit, which is more laborious than reinsertion into the old 
pi^ but if the limey ard be arranged in ” sets ” or ” rounds ” 
of Uitee pits, tlie shift is usually only to the adjacent pit. 
One special advantage of this system is that the top hides 
in one pit Ix'eome the bottom hides in the next pit, and vice 
versa. Rounds of more than three pits arc sometimes used. 

^[aiiy factories have now adopted sy. stems in which 
there is no handling at all. The hides are .suspended in lime 
liquors which are agitated by mechanical contrivances (c.g. 
Tilston-Melbourne process), or by jets of compressed air 
(e.g. Forsare jirocess). The goods are soaked and limed 
“ mellow to fresh ” by changing the liquors by means of 
pumps, air ejectors, etc. Thus the hides need no labour 
from first being inserted until drawn for depilatiou. 

In linung, the wdiole of the epidermis as well as the 
hair isdoosenedr and is subsequently removed in depilation. 
The corium or true liide substance becomes much more 
swollen by inibibatioh of water, and when taken out of 
' the new lime is “ pluipixfd ” to very firm jelly. This 
plumping is a matter of* prime importance to the taimer. 
The coarser fibres are thereby split up into the finer 
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constituent fibrils, which fact assists very materially iif •btain- 
ing. a qui(^ and complete tannage, good wei^t, ^d a firm 
leather. During the liming, the natural grease of ihe hide 
is saponified or emulsified, which ])repares for its removal 
in scudding.. Liming is- thus a complex process : the hair is 
loosened, the hide is plumped/and the grease is “ killeS." 
All tliese results be hastened by the use of other 
alkalies *111 addition, and most heavy leather j’^ards assist 
the liming by adding also sodiuni sulidiide or caustic soda 
or both. vSodium sulphide is a powerful dejiilatant, and will 
alone unhair hides easily in strong solutions even in a few 
hours. As in solution it forms caustic soda by hydrolysis, 
it i)ossesses also the |)Owerful plumping and saponifying 
powers characteristic ot the latter. The addition of arsenic 
sulphide (AS2VS2) (realgar) to the lime when slaking causes 
the ])Tesence of calcium sulphydrate in the lime liquors thus 
made. This is also a powerful depilatant, but not much 
used for heavy leather. 

Ihe function of the lime in depilating is complex and 
has occasioned much discussion. Its main purpose, how- 
ever, is that of a partial antiseptic. W hen liides putrefy, 
one of the first results is that the hair is loosened. In 
America depilation by '‘sweating" is carried out com- 
mercially by such a mild putrefaction, the lime liquor 
l)ermits a similar fermentation at a slower jate, and all 
tannery lime liquors are swarming with putrefactive bacteria. 
Liming is thus a safer method than sweating, which may be 
easily carried too far. Various workers have isolated 
specific organisms— W^ood a bacillus, vSehmitz-Dumont a 
$trcptococcus-~~h\x\ it seems highly probable that the 
limeyard bacteria are just the common organisms of putre- 
faction sorted out or selected by the exact nature of the 
liquor and the method of w^orking the limev«^ Many putre- 
factive bacteria are very adaptable and could easily ac- 
commodate themselves in this way, It is known that the 
exact nature of the culture-medi\im has a great influence 
on the rate of development of su:h organisms, and which 
particular species thrive and obtain predominance in any 
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limeyyd^will depend upon the amount and nature of the 
dissolved organic matter available as food, and upon the 
exact ajAlinity and the concentration of other cfpparently 
inert subtances, juch as common salt and sodium, calcium 
and arsenic salts. Hence no two lime liquors operate alike, 
anti approximate regularity is only assured by systematic 
method. In handling and shifting, the organisms are 
subjected to further selection, and the most adaptable 
survive, ft is probable, that different sir^tues fnay act 
symbiotically. The depilating organisms of lime liquors 
are probably mostly anaerobes, but some may be anaerobic 
by adaptation. It is probable that aerobic ferments com- 
mence the depilation, but tliis will be done before the goods 
are put into work, or at any rate before they reach the 
limes. More strictly, it is the enzymes secreted by bacteria 
which are directly resix)nsible for the hydrolytic work; 
these enzymes are chiefly proteolytic (proteid splitting), 
but the lipolytic (fat splitting) enzymes have also a place. 

The lime, however, not only limits and selects the 
course of the putrefaction, but also affords more positive 
assistance. Time plays its own hydrolytic part and assists 
the dep‘ilatioii by purely chemical action. I,ime-will unhair 
without the assistance of bacteria, but its action is slow and 
forms a minor part of the ojK^ration in the average limeyard. 
This action ^is due chiefly to its progressive formation of 
calcium sulphydrate from the cystine group of tlie softer 
keratins. Lime also plays an essential part in assisting 
the putrefactive fermentation. It softens the keratins 
and thus assists the bacterial attack, ij hydrolyzes other 
proteids and provides the bacteria with food in solution, 
the calcium ion increases the proteolytic action of certain 
enzymes, and finally the apparently inert excess of un- 
dissolvec^ lime has an accelerating effect on the bacterial 
activity. 

In the average limeyard these various functions are 
inextricably mixed up, and it is impossible to assign any 
definite proportion of tjie total depilatory effect to any of 
the factors at work. Lime alone wdll unhair, bacteria alone 
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will unhair, and sulphides will also unhair withoi^t #1 jpie or 
bacteria, but in the linieyard all three agencies are^t work. 
Putrefactfve fermentation, however, obtains a g/o^ start, 
i^vrobic fermentation commences with the ^slaughter of the 
animal, and the anaerobic organisms soon commence their 
part, and are at work in the ^lide house and soaks, ©n 
entering the limes, the purely chemical hydrolytic action 
of lime is added to fliat of the bacterial enzymes as well 
as the ifetion^of lime as bacterial assistant, anti the three 
continue to o|x?rate side by side, h^cli gives rise to the 
formation of calcium sulphydrate, whose own s]oecial 
solvent effect is sii])eradded. If sulphydrates be deliberately 
added to the li(piors there is yet another factor assisting. 
vSpeaking broadly, the bacterial enzymes have their maxi- 
mum activity in the old limes, and the chemical action of 
sulphydrate formed from the keratin cystine is also at a 
maximum in these liquors. Tlie chemical action of added 
sulphide, and the simple hydrolytic action of calcium 
hydrate have their maximum activity in the new limes. 
Most observers would agree that in practice the bacteria 
shoulder the greater part of the work. 

From the limeyard is taken about the only waste bye- 
products of the tannery, viz. the residues fiom the soak 
and lime pits. These consist mainly of lime and chalk, with 
some hair and dung, and possibly a little sulphide. The 
sludge possesvses some value as a manure, espec*ially if from 
the soak pits on account of the gieater nitrogen content. 
(Part VI., .Section I.) 

The Beam House Work consists in the mechanical 
removal of those parts of the hide not wanted for leather 
manufacture. Vnhairing removes the hair and the epider- 
mis made loose in liming. The hides are placed over a 
sloping "beam” with a convex surface, and the hair 
scra}>ed oil with a blunt concave and double -Handled knife. 
The hides are then thrown into a pit of water. The hair 
is carefully collected, washed well with water, preferably 
centrifuged, and then dried out by* a current of warm air. 
It forms a ^valuable bye-product. White hair is usually 
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kept«styarate and fetches a higher jnice. Fleshing is the 
next pl^'css. The hides are again placed ov^r a beam, 
with Uie flesh side {i.e. the side nearest the flesh) upper- 
most. J^killed jvorkmen then cut off, with a sliarp convex 
knife, the fat, flesh and connective tissue left in flaying. 
Rounding is usually the next jnoccss. The unhaired and 
fleshed hide is spread out flat and cu^up into butt, shoulder 
and a paif of bellies. These parts have diflereiit commercial 
values, and may afterwavds be tanned by diiferent methods 
for very different purposes -for dressing leatlier, and some- 
times even for sole leather. Scudding is the last j)iece of 
beatii work. The fleshed Iiides (whetlier rounded or not) are 
washed, or at least rinsed, with water, and again placed on 
the beam grain side up. They arc then scraped with a 
rather sharp concave knife, to remove “ scud,” which consists 
of hair roots and sheaths, lime soaps, fat, ])igment and other 
dirt. .Short liair is shaved off by a very sharp hand knife. 

The beam work detnands a certain amount of skill from 
tlie workmen, especially from the llesher, whose sharp 
knif" may prove very wasteful in incomi)etent hands. 
Hand labour was slowly but surely being replaced by 
machinery l^eforc the war, and war-time conditions have 
greatly accelerated the rate of transition. Beam house 
machinery is rapidly becoming universal. The machines 
are cumbrpus and expensive in cost and in power, but 
machine work is quicker, less laborious, and needs much 
fewer workmen. Many types of macliine have been sug- 
gested, but the most useful arc those in which the hides 
pass over rollers and are simultaneousVy acted upon by a 
rapidly revolving cylindrical knife with spiral blades, one 
half being a left-handed and the other a right-handed spiral, 
so that the hide is scra])ed outwards as well as in the direction 
of iuot2)n. ^yire part of the hide being acted upon rests on 
a pneumatic roller. By changing the type of spiral knife 
cylinder the machine will unhair, flesh or scud. 

Deliming is a general name covering a number of 
similar operations who^e primary object is the neutralization 
and removal of the caustic lime and soda in*the plumped 
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pelt, or at any rate on the surface of the hide. is a 
preparation for the Ian liquors. All the tannfns ayd many 
assoi^-iated substances darken rapidly with oxidation when 
in alkaline solution, so that to place the fully limed hide 
in a tan liquor would give a ckrk-coloured leather.. A 
short insertion in a bath of weak acid would secure tlTe 
elimination of surface^ lime and the disappearance of this 
difficulty^ but there are other purposes in deliming. The 
more com})letdy lime is removed* the more the plumped 
pelt “falls” into a soft, jdiablc;. unswollen and relaxed 
condition, and this change assists very materially in the 
production of a soft dressing leather, suitable for boot 
uppers, bags, etc. For such leathers, therefore, the deliming 
must be much more complete than for sole leather, in which 
the object is to obtain a firm and plump leather. 

In the case of the softer dressing leathers, experience 
indicates the advisability of allowing some further bacterial 
action on the interfibrillar substance in order to produce 
the requisite pliability and softness. This is secured by 
“ bating ” the hides. This process consists in immersing 
the goods into a cold fermenting infusion of hen or pigeon 
dung. The infusion is made in a special tub or pit with 
w^arm water and allowed to stand for a day or tw'O until 
the fermentation has commenced, and then run into the 
bating pit through a coarse fdter such as sacking. The 
hides arc imm(?Tsed for some days, but are handled fre- 
quently to ensure an even effect. The bate is always 
slightly alkaline. The caustic alkalinity increases rapidly at 
first ow'ing to the (F.ffusion of caustic lime, then at a slow'er 
rate, afterwards slowly declining. This is explained by the 
production of organic acids, and their salts with weak bases 
from the dung infusion by the action of bacteria. The total 
alkalinity of the bate liquor increases rapidly at^first (fwii^jgto 
the diffusion of lime and its liberation of organic bases, then 
very slowly, but tow\ards the end of the, operation the total 
alkalinity increases very rapidly indeed, owing probably to 
the commencement of a violent aneerqtic fermentation which 
produces anvnonia and other organic bases, and which 
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herajd^ the approach of a putrefactive action, which if 
allow-^sA to continue for even a short time wgll ruin the 
hides, ^Bating is consequently a risky process, and needs 
experienced oversight. For goods which need only a mild 
bating, there is the altetnative of giving a longer liming in 
dlder limes. This of course involves more bacterial 
hydrolysis, and perhaps does it in a^safer, more economical 
and certifinly in a less offensive manner. Bating is often 
followed *by a further ‘deliming by acids:^ Boric, lactic, 
acetic, formic and butyric acids are all used, and with care 
even liydrochloric and sulphuric acids may be employed. 
Innumerable “ artificial " bates have been put on the market, 
but most are merely weak acids, acid salts or salts of strong 
acids with weak bases. An American “ bacterial bate '* 
consists of a lactic fermentation of glucose in the presence 
of glue. 

Closely similar to bating is “pucring," investigated by 
Wood (see p. 94). 

Drenching is another fermentive deliming process. In 
this the goods are inserted into an infusion of bran. This 
is made by scalding tlie bran with hot water, and allowing 
it to stand until it is about 70^-90° 1'. The infusion is then 
“ inoculated " with a few gallons of old drench liquor, 
and the goods are immersed. This fermentation has been 
examined carefully by J. T. Wood. First the enzyme 
cereal in converts bran starch into glucose, which is then 
fermented by the drench bacteria with the production of 
lactic acid, some acetic acid and small amounts of formic and 
butyric acids. The butyric fermentation is liable to become . 
too violent. These acids, as they are formed, neutralize the 
lime in the hides and plump the i^elt slightly (see pp, 

1 07-109). 

Yarlbus gases (carbon dioxide, hydrogen, nitrogen, 
methane and sulphuretted hydrogen) are involved, and the 
proportion produced in the pelt itself has a peculiar opening 
effect on the hide fibres. The activity of the drench can be 
decreased by dilution* and by using a less starchy bran, 
and can be increased by adding pea meal «r rye meal. 
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Drenching usually follows bating. Scudding so«iietinies 
follows deigning. 

The theory of the volume and elasticity changes ot pelt 
during preparation will be better understood after consider- 
ing the behaviour of gelatine ggls (pp. 200-219). The 
determining factors are the nett charge of liydroxyl ions on 
the disperse phase, resylting from ionic adsorptions, and the 
lyotrope inlluencc of dissolved substances on the continuous 
phase. 

Ill softening dried hides the ^welling may be due to 
either influence, but the latter tends to loss of hide substance 
and the production of soft leather. 

In liming, the nett adsorption of h\(lrox>l ions is the 
principal factor, but the lyotrope influence of the alkali 
cations and of the impurities is important. Plump pelts 
are those in which the contained water is in a relatively 
greater average state of compression. Few substances can 
assist plumping, but many can hinder it. In plumping all 
l}'otrope influence is objectionable, and “sharp” (pure) 
alkali solutions arc required. Mellow limes reduce elasticity 
and plumpness by lyotrope influence. 

In bating and puering the essential change is that before 
the process the swelling is due chiefly to adsorption of 
hydroxN’l ions, whereas afterwards it is due chiefly to a 
composite lyotro[)e influence. 
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Section HI. -VEGETABLE TANNAGE 


Am. taiuiages have for their object the con version of tlie 
readily itutrescible liide tissue of the corinin (the pelt) into 
an imputrescible, insoluble and j)ernianent material called 
“ leather/’ which, ])0s?essing c'onsiderable strength and 
pliability, is capable of application to a variety of useful 
purposes. The conditions necessary for this transformation 
have been clearly stated by Procter.^ For the production 
of leather from pelt “it is not only necessary to dry the 
fibres in a separate and non-adherent condition, but so to 
coat them or alter their chemical character that they are 
no longer capable of being swelled or rendered sticky by 
water.” Whatever substance will secure this permanent 
dehydration of the hide fibres in a separate condition is 
called a “ tanning material.” The change from pelt to 
leather is known as “tannage,” the process is termed 
“ tanning,” and those who undertake it are “ tanners.” 

In “ vegetable tannage ” the tanning materials are of 
vegetable origin, and contain a group of organic compounds 
called “ tAnnins ” which are extracted by the infusion of 
these materials with water. Pelt, when immersed in these 
infusions, is converted into leather, rather slowly ; but a 
gelatin solution gives an immediate p];ecipitate of “ amor- 
phous leather,” even if the tannin infusion be exceedingly 
dilute. The tannins are aromatic compounds of phenolic 
character, and contain carbon, hydrogen and oxygen only, 
but oui: knowledge of their chemical constitution is exceed- 
ingTy smalf 'owing to their instability and colloid nature, 
which make impossible their preparation in a pure state. 
They are all, however, derived from either catechol or 
pyrogallol, and yield these substances if carefully heated to 

t 

^ “ Principles of Leather Manufacture," p. «S4. 
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about 200"* C. The* tannins are soluble in water, ajoojiol, 
acetone, etl^yl acetate and acetic acid, but msolt^jlc in 
benzene, chloroform, carbon disulphide, petroleum* ^her, 
dilute sulphuric acid and pure ethyl ether. . The aqueous 
infusions of the tannins are in reality colloidal solutions ; i.e. 
heterogeneous * systems of two pliases. The ’systems aref 
iyophile, or, more part^mlarly, hydrophile, i.e. there is an 
affinity between the two phases. As usual with’ Iyophile 
systems the two phases may be considered as bofti liquid, 
and an aqueous infusion of tanniij. forms an emulsoid sol, 
wliicli therefore is subject to the phenomenon of adsorption. 
The tannins are all precipitated by solutions of basic lead 
acetate and copper acetate, and many of them with varying 
completeness by solutions of many other metallic salts and 
hydroxides, of bvasic dyestuffs and of alkaloids. They give 
dark colorations with ferric salts. 

The tannins are widely distributed in plant-life, but 
only in a limited number of cases do the plants contain 
sufficient tannin to render them of commercial importance. 
Tannin is found in all parts of plants, but usually in greatest 
amount in the bark or fruit. The tannins are classified 
into “ pyrogallol tans ” and “ catechol tans," according to 
the parent phenol. This classification is confirmed by their 
chemical, analytical and practical behaviour, and the 
vegetable tanning materials may be classified into the 
same two groups, for, althougli even the same plant contains 
both pyrogallol and catccliol tans, it is usual to find in any 
one part of the plant that one group is predominant. 

Pyrogallol tano, which are oftenest obtained from 
fruit or leaves, contain usually about 52 per cent, of carbon. 
Used alone they produce a rather soft and porous leather. 
Associated with tlicni — in many cases probably as decom- 
position products — are certain other substances (fi \yell- 
known pro[)erties and constitution. These suSstances are 
not only typical of the group, but also form the most valuable 
clue to the chemical constitution of the group and the key 
to their chemical behaviour. One yf these substances is 
gallic acid •(3:4:5 trihydroxy-benzoic acid QH2(OH)3- 
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CO 01 P, which possesses properties very similar to the 
tanni^, bu! does not precipitate gelatin and vfill not itself 
make leather. Another of these substances is ellagic’acid, 
Ci4Hg08, a double lactone of a hexa-hydroxy-diphenyldi- 
j:arboxylic a,cid. Tliis«is deposited as an insoluble yellow 
powder from infusions of many pyrogallol tans, by boiling 
with dilute acids only, allowing them to stand for a few 
days. 1^1 practice the deposit is found as mud at jhe bottom 
of the tan pits, and also ii])on the Icatlier, to which it strongly 
adheres. It is technically known as “ bloom." It is 
insoluble in acjds and cold alcohol, but soluble in alkalies. 
It is a feeble dye-stuff. Tlie pyrogallol tans yield very 
different amounts of bloom. Other associated substances 
are the sugars. In practice these sugars ferment to lactic, 
acetic, and other acids wliich cause " sour " liquors. Such 
liquors plump the hides and tend to give linn, tliick leather. 
These acids also probably cause increase of adsorption 
of tannin by the hide and therefore assist in giving “ good 
weight." Solutions of pyrogallol tans all give a blue-black 
colour with a dilute solution of ferric alum. If a solution 
of sodium arsenate be added to an infusion of pyrogallol 
tan diluted until no longer distinctly coloured, and the 
mixture allowed to stand for about two hours, a green 
colour develops at the surface of the liquid. The reaction 
is due to, gallic acid or a similar grouping, and is, in the 
author's experience, the most satisfactory qualitative test 
for the group. Another test is to mix equal volumes of a 
0*4 per cent, infusion of tan and a 10 per cent, solution of 
sodium bisulphite ; a few drops of 10 per cent, potassium 
chromate are added, and either a transient blood-red colour 
or a more permanent deep purple is obtained. The former 
colour is due to gallic acid. If a tannin infusion be largely 
dikiteS \^h hard water and a little iodine solution added/, 
the pyrogallol tans yield either a pui plc-red or a dark 
blue colour, the •former being a reaction of gallic acid. 
Pyrogallol tans yiel^ no precipitate with bromine water. 
They yield a yellowtor brown colour when one drop of 
infusion is added to concentrated sulphuric ttcid. 
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Myrabolans is 'one of the most important tf •the 
pyrogallol 1|iiining materials. It is a name ^ven/o the 
dried'fruit of Terminalia chchula and other species of Indian 
trees. The nuts resemble an elongated walmit. They are 
dried and exported from many parts of India to all parts 
of the world, tut largely to this country. The varieties of 
commerce are named ^according to origin and quality : 
thus we haye “ Ji’s,” i.e. Jubbelpore, No. i quality^" Ri's ” 
(Raj[)ore, No. i), “ Bi's ” (Bhimley, No. i), etc. The 
little difference in tannin strength, (about 32 \)ex cent.) in 
these varieties is usually compensated by corresponding 
differences in yuice. The quality of myrabolans cannot be 
safely judged by ai)pearance. Much bloom is deposited by 
myrabolans liquors, especially by “ J’s." Myrabolans are 
amongst the most sugary of tanning materials, containing 
up to 55 per cent. It is therefore one of the best materials 
for giving a plump leather. Broadly sj)eaking, those varieties 
which yield most sugar yield least bloom, and vice 
versa. Myrabolans tannin has a small afiinity for hide 
substance and penetrates the liide very slowly. It gives 
a “ mellow " tannage, but a bright, good colour, which 
characteristics are imparted to the leather when the material 
is blended with other materials containing dark or astringent 
tannins. When used alone it yields a rather spongy 
leather, and it is not considered a good weight-giving 
material, though its acid-producing powers are very helpful 
to other more astringent tannins, 

Valonia has been the other staple tanning material of 
the heavy leather trade. It is the acorn cup of oaks 
common in Asia Minor and Greece, chiefly the Turkish 
oak (Qucrciis agilops). The fruit is gathered when rii:)e 
and dried in layers of about one foot deep until the acorn 
drops out, Smyrna is the great export centre. *Greek 
valonia is obtained trom many parts of the Archipelago 
and mainland. It is gathered in a more immature con- 
dition and includes tne acorn. It is considered slightly 
inferior in strength and colour to fhe Smyrna valonia. 
The exterior of the acorn cup is covered with rather scaly 
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protyb^ances known as “ beard/' which contains usually 
about jHiT cent, of tannin. The cup alom? contains 
usually 'about 25 i>er cent, tannin, and the \diole about 
30 jH?! cent. J'he valonia tannin has been thought to 
contain two chcinical individuals, only one of which produces 
bioorn. Parkfer and Leach ‘ found that the tannin of the 
cup produces more bloom than that of the beard, and that 
vSiiiyrna valonia yields more bloom tliaii (ireek. The more 
bloom is fie|)osited, the less acid will be producecf. Under 
all conditions the yield of bloom is large, and its dej>osition 
in and on the leather assists materially in giving the weight 
and water-resisting powers associated with sole leather 
which has been largely tanned with valonia. The valonia 
tannins have onl)' a moderate allinily for hide, which, like 
myrabolans, they penetrate very slowly. When used alone 
the leather is less yellow than that from myrabolans, and 
is also duller. After most of its bloom has been deposited 
valonia makes a \’ery suitable tannage for dressing leather, 
and in conjunction with gambier has been largely thus 
used. vSiiice the outbreak of war the Turkish ] noduct has, 
of course, not been available for importation. 

Sumach ^ is the other pyrogallol tan of commercial 
importance. It consists of the leaves and small twigs of 
the Sicilian sumach {Rhus coriaria) cultivated in Italy 
extensively for export. Tin! leaves are hand picked, dried 
and often ground to i}Owder. It contains 26-28 pitr cent, of 
a tannin which yields little or no bloom, but much gallic acid. 
It is an unstable tannin, and its infusion rapidly ferments. 
Sumach is a very valuable tanning matejrial, and when used 
alone gives an exceedingly durable leather of excellent light 
colour. It gives a soft mellow tannage, and is therefore 
most suitable for light leather tanning, and is extensively 
used foi« this purpose. It is used, nevertheless, in large 
quantities the heavy leather tanners for finishing pur- 
poses, for it contaips some organic reducing agent which 

* J.S.S.I., 1903, 1x84. ^ 

• Also spelt Sumac and^Shumac, and always pronounced like the 
latter. 
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exerts a powerful bleaching action on other tannages# and 
which assi|ts to brighten as well as lighten the rat)ser dull 
appearance of leathers largely tanned with valonia.. It is 
rather an ex])ensive tannin, but most manufacturers find 
that its results are worth its cost, , 

Other pyrogallol tans are also used to a limited extent. 
Algarobilla and divi-divi are the fruit pods of several species 
of American ccesalpina. They are strong in tan (45 per 
cent.) ancl yield a light-coloured and bright leather, but are 
unstable tans, yielding much bloom. Babla is a small 
pod yielding a mellow tannage an 5 much gallic acid, Cela- 
vinia is another pod containing no colouring matter and 
giving an almost white leather. The tannin is closely 
similar to that of oak galls. These last were once exten- 
sively used for tanning in Austria, Willow bark is used for 
tanning in Russia and Denmark. Valuable pyrogallol 
tannins arc obtained from oak wood and chestnut wood, 
but the woods are not used in tanning as the percentage of 
tan is so small. 

Catechol tans, often obtained from barks, contain 
usually about 60 per cent, of carbon. They are seldom 
used alone, for they usually have little or no sugar associated, 
and hence their liquors do not cither “ sour ” or “ plump.” 
They can be used alone if artificially acidified, but without 
acidifying or blending would give a rather flat leather, 
though possibly firm. They yield no bloom or’ gallic acid, 
but have associated with this other characteristic substances. 
Of these the catechins are the most typical, and have been 
considered as the parent substances of the catechol tans. 

The catechins are white crystalline substances, ap- 
parently isomers with the general formula C15H14O0. They 
have different melting-points, and varying amounts of water 
of crystallization, but are otherwise exceedingly siSnilar in 
properties. They are sparingly soluble in col 3 ^water, but 
freely in hot, and in alcohol and etj^er. They are pre- 
cipitated by lead acetate, mercuric chloride and albumin, 
but not by gelatin, tartar emetic or Alkaloids. In garabier 
liquors they^are especially strong, and sometimes crystallize 
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on tjie^ide of the pits, being thus knoTvii as whites.” 
The pflfobaphenes or ” reds ” are also typical catechol 
tans fjom wliich grow catechins ; they can be formed by 
boiling mWi dilute mineral acids. They are considered 
to be anhydrides of the catechol tans. They are difficultly 
soluble in cold water, but freely in hot, and in cold alcohol 
and dilute alkalies. They arc true fannins and alone are 
capable of making a red leather, but in practice jire often 
found as *mud in tlie tan liquors owing to their limited 
solubility. They naturally influence the colour of leather 
made with catechol tans, which is usually distinctly redder 
than the leather made from pyrogallol tans. Infusions of 
catechol (cp. catechiu) give a green-black colour with iron 
alum. The sodium arsenate test gives a red colour due to 
catechiu. The chromate and iodine tests mentioned for 
pyrogallol tans give negative results with the catechol tans, 
but bromine w'ater gives a precipitate, and sulphuric acid 
a crimson colour. 

Mimosa bark is one ol the most important catechol 
tans. It is usually obtained in this country from Natal 
(” NaUd bark ”) ; but the tree (Sydney green w'attle, Acacia 
mollissuna) is a native of Australia. It is being cultivated 
now extensively in South Africa, and forms a most valuable 
|X)rtion of the limpire’s stock of tanning material. Its 
more extensive use has Ixjen long recommended by the 
author,^ but* its gradually increasing employment in British 
tanneries has been greatly accelerated by the war, which 
has prevented its delivery in Germany and has cut off 
Turkish valonia from Britain. It yields about 30 per cent, 
of a stable and excellent tannin, and will produce a firm, 
durable leather, with a colour much less red than that 
obtained from many other catechol tans. It is an astringent 
tan, andtf carelessly used yields a harsh or even ” drawn ” 
grain? Most of the tannin is easily extracted, yielding a 
clear infusion which, i^netrates fairly quickly and gives 
good weight. It contains less than i per cent, of sugar, 
which unfortunately rabidly ferments to carbonic acid, so 
» J.S.C.I., 1908 , 1193 - 
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that it is not a ghod plumping material. It mak^s in all 
respects An excellent blend with myrabolaftis. ijike all 
catecliol tans, the resulting leather darkens on exposure to 
sunlight. 

Oak bark, from Querciis robuK, is the ancient tanning 
material of Britain, and is still used to a limited exteflt. 
It contains about 13. per cent, of tannin and is mainly a 
catechol* tan, but also contains a pyrogallol derivative. 
It yields catcchin, and gives a red colour with the sodium 
arsenate test, but also will yield ^>me bloom and gallic acid, 
and gives a blue-black with ferric salts. The tannin itself 
is exceedingly similar to that of niiniosa bark, but the 
material contains about 2 1 per cent, of sugar, wBich makes 
it ])Ossible to emidoy oak bark alone for making sole leather. 
It is noted for yielding a sound, durable leather of good 
ty])ical tan colour. Its tannin combines well with hide 
and ])enetrates ipiickly. The fatal disadvantage of oak 
bark is its weakne.ss in tannin strength compared with 
other materials. This results in heavy freight and heavy 
cost per unit tannin, bulky storage, expensiw handling in 
the factory, comparatively large bulk of si)ent tan, after 
relatively greater trouble in extracting, and the impossi- 
bility of making the strong liquors so necessary in these 
(lays to produce good weight in a short time. No satis- 
factory extract has yet been made from it. 

Bine bark, from Pinas ahics, is one of the stai)le materials 
of the Continent. It contains up to 14 per cent, of a catechol 
tail, and, unlike most of this group, contains a high propor- 
tion of sugar and will give good results alone. Hemlock 
bark has been the staple tanning material of North America. 
It is obtained from the hemlock, or Pinus canadensis. It 
contains up to 11 per cent, of tan and much phlobaphene, 
and yields a characteristic red leather of good qiAlitj, but 
which rapid!}' darkens with sunlight. It c%!itains some 
sugar, but is usually emiiloyed in conjunction with sulphmic 
acid or with sugary materials. Mallet bark yields another 
catechol tan similar to that of mi^iosa, but somewhat less 
astringent and more yellow in colour. Quebracho wood 
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and ^iTpigrove bark have been used, but arc now made into 
extracts (pp* 38 and 41). 

Leeching. — Whatever class of leather is being made, 
and whatever Ij^end of tanning materials is being employed, 
the tannins must be elMeiitly extracted by vyater in order 
t^ make tlie tanning liquors. This process is called '' leach- 
ing.” The tanning materials, after being ground, crushed 
or shredded, are placed in large pits arranged in rounds," 
“ sets,” or " batteries ” of 6, 8 or 10 units, through which 
water is percolated systqjnatically, so as to secure a con- 
tinuous extraction. Water itself is added to only one of 
the pits of material. The li(iuor produced is passed on to 
the next ])it, and then to the next, and is continually gather- 
ing strength. After passing tlius through the series, the 
li(luor becomes the source of the strong extracted tan 
liquors which are used in the tannery proper. With this 
system tae stronger leach li([uors are being acted upon by 
fresh material, and the neail) "spent” material is being 
acted on by the weakest liquors, and linally by water, thus 
ensudiig a complete extraction. In the press leach system, 
whicii is no\e practically universal, the bottom of one pit 
communicates with tlie top of the next, and tlie liquor 
presses round by gravity flow caused by a few inches “ fall.” 
Tiquor is tlius constantly percolating downward through 
the material in each pit. The " liead leach ” and " tail 
leach ” are always adjacent in a double row of pits, and 
when the material in the latter is quite spent, it is " cast,” 
and the pit is tilled with fresh material, fl'he liquor is then 
pressed round into this pit by adding water to the tail 
leach. Hot rvater is used to secure Ix-lter diffusion. At 
least two such sets of leaches ("taps” and “ 52)enders ”) 
are necessary to spend the material of tlie average tannery 
andjto obtain liquors of the necessary strength. 

The Manufacture of Extracts. --In addition to the 
use of the natura> tanning materials described above, 
modern leather nianu|acturers employ also a variety of 
“ tanning extracts,” m. vegetable tanning materials in 
which the tannin has been already extracted* and which 
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are supplied in form of a solid or concentrated liquid?^ 6uch 
extracts oihy need to be dissolved in warm water in order 
to make a tan liquor, and the cost and trouble of leaching 
is avoided. They are a great convenience as making 
strong li(iuors of definite strength. Many vegetable tanning 
materials are too weak in tan for the tanner to leach, anti 
indeed to justify the cost of importation have been made 
available 'by manufacturing an extract at the source of the 
material. With such weak materials the extract manu- 
facturer has had to secure a much- more complete extraction 
than in ordinary leaching, and to concentrate his infusions 
by means of steam-heated vacuum pans. With such 
experience he has naturally begun to make extracts also 
from the stronger materials, such as myrabolans and 
mimosa bark, and it is now possible to have a tannery 
witliout any leaches at all. Tanners also have begun to 
realize the advantages not only of more rapid and complete 
extraction, but also of doing the work for themselves, and 
extract factories are beginning to appear as an adjunct to the 
larger tanneries. The more complete extraction of tan also 
involves a greater extraction of unwanted colouring matters, 
hence decolorization is a feature of extract manufacture. 

Chestnut Extract is from the wood of the vSpanish 
chestnut (Custanca vcsca), which contains 3-6 jier cent, of 
a valuable p>a()gallol tan very similar to that, of valonia. 
Its weight-giving and water-resisting powers are as good 
as valonia, and its penetrating power is even better, so that 
it forms an exceedingly suitable material for the modern 
short tannage, aiul also for drum tannages. The extract 
is mamifacturcd extensively in France. The wood is stripped 
of bark and usually piled for some months to dry and to 
allow the resins to become insoluble. Some factories, 
however, use the green wood direct. There are jAvo meUiods 
of extraction, viz. in otxjn vats and in closed vats under 
pressure. The two methods yield extt’acts which differ in 
composition and properties. In eitjier case the vats have 
a capacity of up to 3000 gallons, tnd hold up to bj tons 
of wood. IDhey are arranged in series, as in leaching, and 
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the«ligiior passes in succession through all the vats over 
wood less and less spent. The temt)erature is highest in the 
vat containing the fresh water and nearly spent wood; In 
open vats of wood or copi)er the tcmjx*rature is near boiling- 
ixiint, whilst in the closed autoclaves (copixr or bronze) 
file pressure reaches about two atmospheres and tlie teni- 
lierature about C. (266^ 1'.). The series may contain 
5, 7, 9 or 4; veil 12 vats, and tlie liquoi obtained has a strength 
of 3° to 4^ Beaumc (22'’ ro 33 Bkr.). 

After extraction the^ liquor is allowed to stand, and 
much insoluble matter settles out —resins, wood, fibre, etc. 
The clarified and settled li<iuor is then passed through a 
cooler up to about 55’^ C., and then run into the decolorizing 
plant, a deep vat fitted with a copper steam coil and 
mechanical stirrer attached to power. The best decolorizer 
is bullock’s blood, which is run into the vat and well mixed. 
The temperature is next raised to about 70° C., causing the 
blood albumin to coagulate. It carries down with it a 
little tannin, but much colouring matter. After standing 
a f 'W hours the settled li(iUor is run off direct to the 
ewaporator. A multiple-effect evajiorator is usually em- 
ployed, and the concentrated liipior, wliicli has a strength 
of about 25^ Beaumc, is run into suitable oak casks. The 
extracts contain 27-32 per cent, laiiniii. An extract made 
with opeii^vats has about 7 jx^r cent, soluble non-tanning 
matters, whilst a “ pressure extract ” may contain up to 
12 per cent, of these “ non-tans." Pressure extracts obtain 
also a better yield of tannin, which more than com[jensates 
for the slightly lower price. Oi)en extraction yields, how- 
ever, the purer product and an extract with better i)ene- 
trating powers, and is consequently the more suitable for 
drum tannages. Chestnut extract is extensively used by' 
thevheaVy leather tanners. 

Oakwood Extract is manufactured from the wood of 
the common oak {Quercus robur). The centre of the industry 
has been the oak forest of vSlavonia. The wood contains 
2~4 j)er cent, of a ta»nin very similar to that of chestnut 
wood, but soniewiiat more astringent. 
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The manufacture is also similar to that of ciystnut 
extract, bit decolorization is often omitted, •and greater 
care ’has to be taken and in other ways to keep the colour 
within limits. One of these is to strip tJie wood more 
completely of bark. Another is •to operate at as low a 
temperature as possible, about tio° C. The extraction fe 
made in large circular vats about 14 feet high and holding 
about twp tons material. A battery is compose(| of about 
eight vats or extractors. Open extraction is used, and 
the liquor is passed forward after 2-3 hours' boiling, so 
that the material is spent in about 24 hours. A liquor of 
about 5'' Be (36 Bkr.) is obtained, and the strength of the 
material reduced from 4 to ] v)er cent, of tannin, (khting 
rid of insoluble matter is a dinioully, and is attained by 
settling, by rapidly cooling, and then passing through a 
fdler press of wood. I'or evaporation a double -effect 
vacuum pan is preferred, which operates first at about 
113'' F., and afterwards at 140'^ F. with a higher vacuum. 
The li(iuor is concentrat(‘d from 5" to 25"" Beaumd (s.g. 
I’Ojf) and i'2io respectively). 

The extract has a much liigher colour than chestnut, 
and is not used now as much as some years ago. As the 
principal supply was German, it has been unavailable. 

Quebracho Extract is made from the wood of the 
South American tree Loxoplerynginm Lorenzii, which con- 
tains about 20 per cent, of a typical catechol tan. It is 
associated with a little catechiii, much phlobaphene, but 
practicall)' no sugar. The tannin is very astringent, 
IH'iielrates quickly and gives a firm red leather which darkens 
on exposure to light. It is not noted for weight-giving 
])owers. The wood itself, as chips or shavings, has been 
used in British tanneries, to a limited extent, but the great 
bulk of the material is made into extract chiefly fn Syuth 
America. The crude “ extract," made by evaporating 
acpieous infusions of the wood, is largely exported for 
rellnemeiit in Flurope. It is also refined on the spot to a 
large extent and converted into s^^lid extract containing 
60 per cent. «of tannin. 

The great difliculty with quebracho has been the disposal 
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of tft‘e|^^)liIobaphcncs, and a great variety of quebracho 
extracts are now available which deal with I life problem 
in different ways. In some the more soluble reds are simply 
left in the extract under the idea that they are really tannins 
and may be of some use ift some part of the tanning process ; 
in others tliey have been removed by settling and filtration at 
appropriate temperatures and concentrations ; in most, how- 
ever, thcy^iave been solubilized by treatment with alkalies, in 
the presence of reducing agents, notably by heating with 
sodium bisnljdiite in clost^d vats. The base combines with 
the pldobaplienes, which are made completely soluble and 
a\ ;dlable for tanning. Sulphurous acid is evolved, and its 
reducing powers assist materially in retaining and promoting 
a good colour in the product. vSikIi " sulphited extracts ” 
arc now extensively manufactured in this c'ountry from the 
imported “ crude " extract, and sold as li(iuid extracts con- 
taining 35 or do per cent, ol tan according to the require- 
ments of the buyer ; " mixed extracts,” which are solubilized 
(piebraclio blended with about 15 ])er cent, of myrabolans, 
are d^o used. 

r>\ solubilizing (]Uebraeho with excels of bisul])hite an 
extract is obtained which possesses considerable Vdeaching 
powers, and such extracts are also extensively manufactured 
for the ” vatling ” or bleaching of heavy leather after tannage. 
The excess.of sulphurous acid not only bleaches the leather, 
but also swells it up and thus ])ermits a further ab.sorption of 
strong tan liquor, which is conducive to good weight. These 
bleachingextracts are usually of 36-38 percent . strength in tan. 

Gambier is an extract of the leave's and twigs of the 
eastern shrub Nauclea gombir. It is a t atechol tan of 
peculiarly mellow (piality and great practical value. It 
contains much catechin, but little phlobaphene, and yields 
a l^aufifully soft leather, but without weight. It is an 
exceedingly suitable material for the early stages of tanning, 
and is much liked for tanning leathers that have to 
be curried, and is widely used in the manufacture of 
upper leather. It is,^ however, an exceedingly exi)ensive 
tannin, and the extract is made in a very c^ude way by 
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Chinese and Malays without much supervision. I^(!e its 
strength i% tan and general quality is extremely variable. 
The- plant is cultivated for the purpose of extract ‘manu- 
facture, and primings are taken in the plafnt’s third year. 
They are bruised and boiled with •water in the open. The 
infusion is strained, concentrated, and poured into cooling 
vessels in which it sets to a paste. Two varieties of ganibier 
are well known, “ cube gambier ” and “ block tgambier." 
In the latter the extract remains as a paste containing 25 
to 40 per cent, of tannin. It is^sold in oblong blocks of 
I or 2 cwt., either wrapped in cocoanut matting or in 
wooden boxes. Cube gambier is made by running the con- 
centrated syrup into trays 2 inches deep and drying in the 
sun. When partly dry, it is cut up into i|-in. cubes and 
dried further on cocoanut matting. The rough “ cubes ” 
as imported contain 40-50 per cent, of tannin. 

Myrabolans Extract is now largely manufactured in 
this country. A liquid extract of 25, 30 or even 35 ])er 
cent, strength is made for home consumption, and a solid 
extract for export. The light colour, high strengtli and 
easy extraction of the natural material have all facilitated 
the task of the manufacturer. 

The material is extracted in 0]>en vats or stills of copper, 
which take one ton or more of nuts. A battery of 4, 6 or 8 
of such stills is usually employed, and the tem;r)erature is 
kept well below boiling-point except in the vats containing 
the nearly spent material. The liquors move forward 
quickly, and the material is quite spent in 24 hours. The 
material when cast sontains less than | per cent, of tannin. 
The liquor obtained is 40°-5o'' Bkr. (6-7.5 cent, tan), 
and after settling is concentrated at 4o°~5o° F. in a single 
effect vacuum pan, which though more costly in steam is 
quicker than the multiple effects, and gives the^low tem- 
perature required. For solid extract the more concentrated 
liquor is run direct into tarred bags, in wliich it soon solidifies. 

Hemlock Extract is manufactured from the North 
American pines and imported into ihis country to some 
extent. It gU^es a very red colour. 
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Ma^rove Extract is made from the bark of Rhizophona 
Mangle and other species of mangrove which ^ow freely 
in the«tropical swamps of West Africa, Borneo, etc. Much 
solid and liquid* extract has been made from tliis material, 
but is not very popular oti account of its liarsli tannage and 
dSrk red colour. 

Pine Bark Extract {Larch extract) is made in Sweden 
from the# Norway s})rucc {Pinuti ahics). It is slightly 
sulphited and gives a good colour. It is a licjuid extract 
of about 30 per cent, strength, and is sometimes used as a 
chestnut substitute. It should not Ixt confused with the 
so-called “ spruce ” or pine wood " extract, which is a 
paper trade bye-product and contains ligneous matters 
rather tlian tannin. 

American Chestnut Extract, made from the chestnut 
oak, is cither a liquid or a solid extract in i)Owdci form. It 
gives a V retched brown-black colour, which is (piite unsuited 
to the usual Britisii needs. 


THEORY OF VEGETABLE TANNAGE. 

Vegetable tannage is a iihenomenon of colloid chemistry. 
The old arguments as to whetlier tanning vas a chemical or 
a physical process have been rendered obsolete by the advent 
of a new set i>f explanations, which, though slicdding light on 
many obscure points, have enormously increased the com- 
plexity of the problem. In vegetable tannage an eniulsoid 
gel (pelt) is immersed in a complex eniulsoid sol (tan liquor), 
which immersion results, not in simple it'action or change, 
but in a series of clianges. 

One of these changes is adsorption. Pelt is a gel which 
possesses a great development of surface. It not only 
exhibits liike gelatine the phenomenon of imbibition and 
dehydration to a very marked extent, but also possesses 
a very fine fibrous structure due to its organic origin ; thus 
pelt possesses an enormous sjxjcific surface, further intensified 
by the preparation processes previously discussed, which 
split up the hide fibres into smaller bundles and into much 
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finer constituent fibrils. Tannins, on the other haj^d, are 
hydrophil^ colloids which in water form emul5oid sols, and 
which may thus be expected to exhibit the phenomenon of 
adsorption. A tan liquor usually contains# several tannins 
in addition to other closely similar substances, also, in 
colloidal solution, and is therefore a sol of considerable corti- 
plexity. The immersion of pelt into a tan licpior results in 
an adsoq>tion, which consists essentially in an |inequality 
of concentration in tlie sol, the greater concentration being 
at the interface. This inequality’' between the surface con- 
centration and the volume concentration of the sol, is due 
primarily to considerations of surface tension and surface 
energy, and exists l^eforc the immersion of the pelt. The 
surface layer having excess over the volume concentration, 
any considerable extension of surface in a fixed volume of sol 
must ])roduce a very considerable decrease in the volume 
concent ration. This is what occurs when pelt is immersed 
in a tan li(pu)r, the immersion being the considerable exten- 
sion of surface. It should Ire especially remembered that the 
inequality of concentration is in the sol, on the liquid side of 
the interface. In adsorption, the snbslanec adsorbed, i.c. the 
excess at the surface, is too fre(piently regarded as bound to 
the solid immersed. This is because the excess i^ in the laycn* 
which wets the solid and remains wetting it when the solid 
is removed. Thus the immersion of pelt produces primarily 
only a change in the distribution of the tannins in the liquor. 
It iollows from tliis that the adsorption is an equilibrium, 
and that if the sol be diluted, the equilibrium will become 
the same as it wuld have been by immersing the pelt 
directly into the dilute solution. Thus, if pelt be first 
immersed in one tan liquor and then into a weaker one it 
will yield tan to the latter solution. 

The chief object in heavy leather tanning is fo obtain 
the maximum possible adsorption in the minimum possible 
time, or in other words, to obtain good weight quickly. 
The amount adsorbed is proportional to the actual ex- 
tension of surface, i.c. the adsor^fiion is a function of 
the specifics surface of the adsorbent. Hence, to obtain 
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good«vcight it is necessaiy to develop in the jxilt its 
iiiaximnm possible specitic siirfaee. This is oAe of the 
object? of “ plunipiug/’ which splits up the tibres. Pt is 
attained also by the solution of iiiterlibrillar substance in 
limes and bates. 

• The amount adsorbed is also a function of the volume 
concentration in the sol after etiuilibrium is reached. Hence 
the better i^Tights are obtained with stronger litiuojs. 

The adsori)tion law is 

m 

where V is weight adsorbed by the weight in of adsoil)ent, 
and c the volume concentration after adsorjttion ; a and n 
are numeral constants. Hence weight is determined by 
the strength of the liquor which the goods finally leave. 
The coiMuencement of tannage is necessarily in weak 
infusions, in order to secure the maximum diffusion into 
interior uf the filnes before they become heavily coated 
on the exterior. As the eipiilibrium is Ixdiig established 
in su h liipiors the volume concentration diminishes, and 
tlius makes it less likely that good weight will be attained ; 
hence it is necessary in i)raclice to nio\'e the goods con- 
stantly into fresh liquors of gradually increasing strength, 
and so maii;tain the rate of adsorjgion and save time. A 
further conseipience of the adsorption isotherm is that as 

y varies as c'* and n is >i, y is increased appreciably only 
by a relatively large increase in c. Hency, though stronger 
liipiors give better weight, there is a limit Ixyond which 
any further gain in weight is not justilied by the enormous 
increase in the concentration necessary to attain it. Such 
great in<jrease in c is impracticable not only on the ground 
of expense, but also on account of the great viscosity of the 
sol. 

The amount of adsorption depends also upon the exact 
nature of the sol. It has been previously pointed out that 
the tannins differ largely in their penetrating and weight- 
giving powers. Some are readily adsorbabfe and are 
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deposited in great concentration at the surface of tjie fibre, 
but for §ood weight it is necessary to use' also the less 
adsbrbable and more diffusible tans, which penetmte the 
fibre itself. Hence it is necessary for go»d weight to use 
a blend of materials, and so -supply many grades of 
liability to adsorption. It is particularly advantageous 
to blend judiciously the two main types of material, the 
pyrogallpl and catechol tans. It is also necessary for good 
weight to present to the pelt the more diffusible and less 
adsorbable tannins first, in ord^'r to secure the maximum 
diffusion into the interior of the fibre before the exterior 
of the fiore is heavily coated with the heavily adsorbable 
and astringent tans. The least adsorbable materials are 
therefore used in the early stages of tanning, and the most 
adsorbable materials at tlie end of the tanning process. 
Thus gambler is added to the early liquors (suspenders), 
solubilized (luebraelio to the later liquors (handlers), and 
mimosa bark extract to the final liquors (layers). There 
is also another excellent way of cnsuiing this progressive 
astriugeiicy of the Ihpiors ; this consists in leaching the 
reipiired blend of materials together (or mixing them in 
the case of extracts) and presenting the mixed infusion to 
the nearly tanned goods, which adsorb chiefly the more 
astringent tannins. The liipior is then used for goods at a 
less advanced stage of tanning, which again take the most 
adsorbable coastituemts. This is repeated until the stage 
is reached wiien the fresh pelt is inserted into the nearly 
exhausted liquor, which naturally contains only the least 
adsorbable substances. This system is almost universal, 
and in practice is known as “ working the liquors down the 
yard.” It has the additional advantage of being a syste- 
matic method of economically exhausting (“ spending ”) the 
tan liquors. When free acid is present in the tab li(quors, 
it tends to distend the fibres composing the pelt by a strong 
and rapid adsorption. Thus distended or plumped the 
fibres present a still greater surface for adsorptive operation, 
but the distension naturally leavesMless space between the 
fibres for the diffusion of the sol. Hence acid or ** sour ” 



VEGETABLE TANNAGE 


45 


tan liquors give in the long run more weight, but tan more 
slowly. Pelt tanned whilst thus plumped forms^naturally 
a thicl^r and less pliable leather. This occurs in tanriing 
sole leather, to n less extent with lieavy dressing leather, 
and to a very small extent in the case of softer dressing 
leathers. 

In addition to adsorption, there is another phenomenon 
of colloid fhcinistry in oix^ration, viz. the mutuaTfirccipita- 
tion of the sols in the liquid by the gels in the hide. In 
most sols the disperse ph^se is electiieally charged. The 
sol therefore possesses electric conductivity, and migration 
occurs in the electric Held to the catliode or anode according 
to the nature of the charge. Op])ositely charged sols pre- 
cipitate one another, the precipitate containing both colloids. 
The maximum precii)itation occurs when the + charge of one 
sol exactly equals and neutralizes the — charge of the 
other, 'i here is thus an electrical e(iuivalence ; an amount 
of sol which is equivalent to a given amount of the other. 
This is not a chemical e(iuivalence. however, and the 
precipitate is not a chemical compound in spite of its fairly 
constant composition. The com])osition of the i)reci])itate, 
indeed, is not quite constant, for the optimum precipitation 
may not corresj)oiid exactly with the electrical equivalence, 
being influenced by the number of particles required, their 
size (disi>ers,ity), the rate of mixture, and the relative con- 
centrations of the sols. This mutual precipitation is ex- 
hibited by emulsoids as well as suspensoids, but the charge 
(-f or - ) on an einulsoid is in many instances largely an 
accidental matter, being determined by the medium in 
which it happens to be, its normal condition being electrical 
neutrality. Gelatin and pelt are such emulsoids, and 
a positively charged gelatin sol has been observed to pre- 
cipitate f negatively charged gelatin sol. It is thought, how- 
ever, that gelatin is primarily a positive sol. Pelt (whether 
delimed or not) is rapidly acidified by the quickly penetrating 
and strongly adsorbed organic acids of the old tan liquors 
and becomes posit ive4' charged before the tannins are 
adsorbed. The ix)sitive charge increases with«the acidity 
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of the liquor. Other emulsoids are not electrically ntutral, 
but arc Acctrically charged and exhibit considerable con- 
ductivity. Into this class fall the tannins, and in tanning 
it is thought that there is a niutual precipitation of the nega- 
tive tannin sol with the positive 4 iidc gel, the precipitation 
of the negative sol being favoured by the acid condition*of 
the liquor. The effect of increasing acidity soon falls off, 
however^ as a saturation limit is soon reatihed. This 
mutual precipitation of colloids in tanning is in reality but 
an extension of the adsorption theory, which explains the 
predominant effect of H* , and OH“ on the electric charge 
by stating that tlu'se ions are more readily adsorbed than 
other ions, and that as 011~ is more readily adsorbed 
than II ^ most sols are negative to water. 

In addition to the adsorjdion phenomena described, 
there are in vegetable tannage Sicoudajy clian^rs which 
arc slow and “ irreversible.” These changes are obscure and 
are difficult to investigate. Oxidation, dehydration and 
polymerization have all been suggested, but there is little 
direct evidence. Certain it is. however, that time renders 
the tannage more permanent. It perhaps should be pointed 
out that in the \ery strongest tan li(iUors the viscosity of 
tlie tannin sol is so great that adhesion would be a better 
term than adsorption. There is no abrupt division between 
the two phenomena. 

In the theory of vegetable tannage there is another factor 
the importance of which has been strongly emphasized by 
the author, viz., lyofyopc iuJlucHCc. This lias been most 
conveniently discussed in connection witli gelatin gels (pp. 
200-2 1 ()), but its effect on hide gels is analogous. It has 
also an effect upon the diffusion and gelation of the tannin 
and non-tannin sols {cp. pp. i2() and 174). 

Mechanical Operations.~In the tanyard the Ifquojs are 
almost invariably divided up into sections, called “rounds" 
or “ sets,” in which the mechanical operations are different 
in aim and method. In the first pits entered by the goods 
there is rapid adsorption in spite of fi^ie low concentration and 
small astricigency, and the great aim is to obtain evenness of 
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actio* and a good level colour. It is also necessary to main- 
tain the rate*ot adsorption. All the aims are alftained by 
freqiiestly mo\'ing tlic goods. Heavy leather is suspended 
vertically in the«pits of tan li(|iior and handled up and down 
as n'ell as forward from •pit to pit. ^xich juts are termed 
“ luspenders.” In tlie earliest suspenders it is indeed advan- 
tageous to have the goods in constant motion. This is done 
by suspeiifling on wooden frames wliich are roc ked gently 
by meclianical power; such pits are termed “ roekers.” 
I'or dressing leatlier in whicli lirmncss and smootli grain are 
not so essemtial, the goo^Is may be p;iddled in tlie first 
li(iuors. This is oceasionally done with stronger licpiors for 
the ex|)ress purpose of working up the “ grain ' pattern. The 
goods after passing through tlie susjienders are usually 
passed to “ handler ” rounds, in wliieh they are moved less 
frequently. In these ])its the goods are laid horizontally 
one above the other. One adxantage of handlers is that 
the goods ilatten tlioioughly and straighten one another by 
their own weight ; another is that more goods can be iilaced 
in one nit than in sus] lenders. They are not so convenient 
to worK ho\ve\’c.r, as su.spenders, and the goods do not feed 
so ra])idiy. Hence* tlie tendency is now to tan more in 
suspension, and to economize labour by an extension of 
the rockers. The handling of the goods is also saved by 
pumping the liquors and by working rounds of suspenders 
or rockers like the press leach system, with the difference 
that the stronger liquor is pumped in to the head pit, and 
the liquor passes upwards through the goods. 

Finally the goods are placed in “ layet^s ” or “ layaways,'" 
in which they remain undisturbed for a decidedly longer 
time. These pits contain the strongest liquors of the yard, 
and their principal function is to complete the tannage and 
give^ weight and tirmness by the adsorption of bloom, reds, 
etc., in the interior of the hide. The goods arc placed in 
horizontally, and ara dusted in between with fresh tanning 
material which maintains the IcK’al strength of the liquor 
and keeps the goods soi:yewhat apart. Drum tanning attains 
a more rapid penetration of the pelt by givjpg constant 
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motion in stronger infusions. It is of course liable to .result 
in an under-tannage of the interior of the fible. After the 
goods have been “ struck through ” in the ordinary way, 
however, druniniing in extract is increasingly used as a 
substitute for inucli labour in handling, and also to savq the 
time spent in the early layers. 
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{Section IV, -FINISHING PROC ESSES 


After tlicf tannage is complete, leather is hung up to dry. 
In the case of lieavy leatliei this drying must be very 
carefully carried out in order to obtain a product of satis- 
factory appearance and saleable (lualities. Associated ^^th 
the drying are many mechanical operations {scouring and 
rolling) which assist very materially in imparting the desired 
qualities. After tanning, however, the quality of the final 
product is most strongly influenced by the amount of grease 
added in finishing. Some grease is always used in finishing, 
partly because even sole leather requires some measure of 
pliability and partly because a ( oating of oil over the leather 
during drying prevents the loose tannin from being drawn 
to tl.^' surface of tlie leather by capillarity, thereby causing 
dark 'ind uneven patches and a “ cracky " grain. The 
added grease is also a contribution to the “weight" of 
the finished article— a primary consideration for heavy 
leather, which is usually sold by weiglit. The iinisliing 
processes, indeed, tend to be dominated by this considera- 
tion, and become a series of efTorts to retain as much lanniu 
and add as much grease as are consistent with the require- 
ments of the class of leather Ixdng manufactured. Sole 
leather does not contain more than about 2 jier cent, grease, 
or its firmness is impaired. Belting leather, in which 
considerable pliability is needed, may contain about 9 per 
cent., whilst harness leather, wdiich must be exceedingly 
tougli aiM durable, may contain up to 13 per cent, of fatty 
matters. Upjxr leathers, which need to be soft and pliable 
as w^ell as waterproof and durable, are very heavily “ stuffed' ’ 
and often contain up to 30-40 per cent, of grease. vSole 
leather is thus rather distinct from the rest, which are called 
“ curried," “ stuffed," or “ dressed " leathers. 
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The actual drying out before, after and between the 
various ilechanical operations, each have aft appropriate 
degree of wetness. In this country the drying is usually 
under the jnevailing atmospheric conditions and is known 
as “ weather drying." The gtods are suspended . by 
hooks or strings or by laying over poles in special sheds 
fitted with louvre boards by which the rate of drying can 
be roupjlily controlled. Weather drying is c^ieap, but 
exceedingly slow, and in unfavourable weather is very un- 
reliable. The goods, moreover, need constant attention to 
obtain an even result. vSteam ])ipes are usually laid along 
tlic shed lloors, and are used in winter and damp weather to 
accelerate the drying, and also in the final shed sto\^e to 
remove the last traces of moisture. Wet weatlier, however, 
will not stand a high temperature, and steam drying is 
better avoided when possible. Air-dried leatlicr still con- 
tains about 14 per cent, of moisture. Many systems of shed 
wmtilation have been suggested to hasten tlie drying and 
to secure a better control of the process. In one system a 
screw fan is fitted at one end of a shed (without louvre 
boards) and sucks air through the goods from an inlet at 
the other end. Tlie air can be lieated by a steam coil near 
the inlet. In another system a centrifugal fan blows air 
through an arrangement of pipes which distributes it to 
the drying sheds, and discliarges it close to tlie floor by 
\arious brancli ])ipes. The outlets are near the roof. A 
system of dampers permits hot air, warm air and tlie used 
^vet air to be blended in the desired [iroportions. In America 
turret drying has been used. The sheds are vertically 
above one another and have latticed floors. Heated air is 
admitted at the bottom and rises through the goods up the 
building just as in a chimney. For many of the finishing 
operations it is important to obtain the leather in a i 5 niformly 
half dry or “ sammed " condition. This may l^e done by 
careful drying, and wetting back the parts that have 
become too dry with tepid water or weak sumac liquor, 
and then leaving the goods " in uile " until of uniform 
humidity. It may also be done by welting back " leather 
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whiclj* has Ix'on completely dried out. There are also 
“ samming machines/' which by means of roller? squeeze 
out the*excess liquor. Sole leather is dried out and iinislied 
immediately after tanning, but dressing leatlier is often 
“ rough dried ’’ out of taiHicpiors and wet back for Jiiiishing 
wllt*n required. Dressing lea her is often treated in different 
factories ; tanners selling it as rough leather and “ cuniers " 
imisliing it? 

Scouring is one of the llrst operations in iiiiisliing leather. 
The grain side is wet and worked with brushes aiul stones 
until tlie bloom and loose tannin are removed. This pro- 
cess aims at producing a good even colour and level surface, 
but is liable to cause a loss of weight. Dressing leather is 
often scoured on both grain and hesh, and weak soap or 
borax solutions are used to assist the process. In this opera- 
tion hand labour has been now (juite superseded by machine 
work. A great variety of machines have been devised. 
The mechanical working of leaiher takes place in various 
parts of jinidiiiig. These operations, known as “ striking,’’ 
“ setthig,” " ])inning,” “ jacking.’’ may be carried out often 
by the ' ame machine as used for scouring, but with a change 
of tool. The object of these operations is to get rid of 
wrinkles and creases, to jnoduce softness, pliability and area, 
and to remove superlluous moisture, grease, dirt. The tools 
are of steel, ^ brass, slate or vulcanite. Scouring is often 
elTected by putting the goods into rotating drums together 
with extract and sumacli. The bloom is removed by 
friction, the colour is improved by tlic sumach, whilst the 
extract keeps up the weight. 

In finishing sole leather firmness is enhanced by rolling.” 
A brass roller passes to and fro over the goods with the 
exertion of considerable pressure. The operation is carried 
out by ni^diinery. 

Shaving is an important operation in the case of many 
dressing leathers. Itf; object is to produce a uniform 
thickness of the leather and an even surface on the flesh 
side. The sammed go(Kls are laid over suitable Ixianis 
and shaved with Sj^^ecial sharp knives which posseae a turned 
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edge. This hand process, which demanded^ considerable 
skill, is fast becoming extinct, and machine shaving is 
already almost universal on account of its greater'* speed. 
The machines consist essentially of two rollers, one of which 
is smooth, whilst the other is a spiral knife7blade cylinder 
(cp. vSection II., p. 23). The sammed goods are held in fhe 
hands and placed over the smooth roller, which is raised 
to the cutting roller by a foot treadle. A numl^eV of similar 
operations (‘‘Hatting," “whitening," “buffing") are 
carried out by a suitable cha|[ige of tool. In all these 
operations good samming is important. 

Splitting is another important operation on tanned 
leather. In this process the leather is cut parallel to its 
grain surface, thus yielding two pieces with the same area 
as the original, the “ grain " and the “ flesh split." It is 
essentially a machine operation, and is carried out by 
presenting the carefully sammed leather to a sharp knife- 
edge, towards which it must be constantly pressed. The 
“band knife" machine is the most popular arrangement. 
The knife is an endless belt, which continually revolves 
round two pulley wheels of equal size. In between these 
the knife is horizontal, and is then used for splitting. The 
sammed leather is pushed towards the blade by two feed 
rollers, and the grain passes above the knife on to a small 
platform, whilst the flesh or “ split " passes below and 
falls to the ground. Emery grinders and thick felt cleaners 
in the lower part of the machine keep the knife in good 
condition. The adjustment of the machine is delicate and 
requires considerable experience. With care splits may be 
obtained down to j\;" thick, and sometimes as many as 
6 or 7 splits are obtained from one hide. 

Oiling is still usually done by hand, and cod oil is still 
preferred for many classes of goods. Of recent /ears«,there 
has been a great extension of the use of sulphonated oils, 
which have the valuable property of forming an emulsion 
with water or tan liquor. With these materials it is easier 
to ensure the goods being completely covered with oil. 
The penetration of the oil into the . leather is also quicker 
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and more complete. These oils have often the disadvantage 
of leaving solid fats on the exterior of the leather, which 
gives if an ugly smeared appearance. 

Stufhng the dressing leathers is carried out in a variety 
of ways and with a variety of materials. Tlie old process of 
lijftid stuffing employs a mixture of tallow and cod oil called 
“ dubbin.” This is made by melting the ingredients together 
and allowing them to cool with constant stirring to i nearly 
homogeneous salve. Tlie dubbin is bruslicd thickly on to 
the flesh side of the sammed leather, which is then liung up 
to dry. As the moisture dries out the oils and soft fats 
penetrate the leather and leave the more solid fats on the 
outside. The pro]: )ort ions of tallow and oil are varied with 
the time of year and witli the method of drying, for 
if the dubbin be too soft it will run oil the leather, and if 
too hard will not i)enetrate it so well. 

Drum stuffing is a more modern development in which 
a higher temi)erature is employed, about I'. The drum 
is heated u]) by steam or by hot air, and the sammed goods 
are ^hen inserted and drummed for a few minutes until 
they are warmed. The drum is fitted witli a lieated funnel 
containing the melted grease, which is run in tlirough the 
hollow axle. After a half to three-quarters of an hour’s 
drumming the grease is completely absorbe^d by the leather. 
The drumming is continued for a while until the goods have 
cooled. Whilst still warm they are ” set out ” to remove 
creases and superfluous grease. Drum stuffing is not only 
quicker than hand stuffing, but also makes it possible to use 
the hard fats, and so make a leather whicli carries more grease 
without appearing greasy. Thus in drum stuffing, paraffin 
wax and wool fat are used, and their penetration assisted 
by small proportions of cod oil or degras. If the leather be 
too, wet file grease is not absorbed, whilst if it be drier than 
usual the leather will take more grease, but the resulting 
colour is not so good. There is also another method of 
stuffing which originates from the Continent. It is known 
as ‘‘ burning in,” and involves the use of still higher tem- 
peratures (195° to 212° F.). Wet leather will, oicourse, not 
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stand fill's tfiiipcratiire, so that it is first necessary to»make 
the leaf iter absolutely dry. This is effected* by drying in 
stoVes at teiiiperatiires up to 1 \ There tire two 

ways ill which the grease is apjdied. In* one method the 
melted grease is poured by a ladte on to the flesh side and 
brushed o\'er until (‘\'enly distributed. A second applJta- 
lion of grease is made to the tJiicker parts. The hides are 
then pi^l into warm water (120"^ F.) for about d quarter of 
an hour, and then drummed for half an hour. In the other 
method the goods are com])letely immersed in the melted 
fats for'a few minutes in a steam-jacket t-r tank at a tempera- 
ture of Id After softening in water at 120^' F. the 
goods are drummed. “ lUirning in ” is used for the heavier 
dressing leatluTS sueh as belting and harness. It does not 
gi\’e good colour, but ]H-rmits the employment of still more 
liard fats. 


IvMZFEKllNCl'S 
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.Section V.-,S0LE LEATHKII 


lyKATHKR for llic soles of ])oots and slioes is a matter of 
essential interest to all, and forms one of the U‘Sl ai>])reeiated 
applieations of animal proteids to useful purposes. Methods 
for its nianufaeture are as numerous as the faetories ])rodueinc;' 
it, lienee all that ean lx* done is to deseiilx* broadly the 
general method whieh is tyjtival of our time, to classify the 
many varieties into ty]>es, and to indicate the recent clianges 
and present tendencies. 

vSole leather is mainly manufactured from butt pelt, and 
the giea' aim is to produce a iirm, thick, waterproof and 
smootli grained kedher which will Umd without cracking. 
It niu^t have a light tan colour to !><• ^alcabk*, and contain 
as much weight as ])os.-ible to be jaolitable. 

modern mixed tannage of ” sole butts ’’or “ scoured 
bends ' generally utilizes ox-hides of the Scotch and Ihiglish 
markets, though salted Continentals and South Americans 
are also employed. After the usual soaking a short and 
sharp liming is given. The sjx-cial aim in liming sole hides is 
to obtain the niaxiinum pdumping effect with the minimum 
loss of hide substance. P>oth these achievements are 
necessary to obtain good widglit. The limes should lx 
ke])t as clean possible, which is Ixst obtained by putting 
clean hides into work. This reduces bacteiial aeti\’ity and 
loss of liide sul)stance. The shortness " of the process is 
attained by the use of sodium sulphide (from 2 to iG ozs. 

hide* of sulphide crystals), by which depilation may be 
accomplished easily in about nine days. The amount of 
sulphide should bctincreasc^d somewhat in the short-liair 
season and in cold weal her. Some factories take up to about 
12 days using less sulphide, whilst others will lime in about 
a week by using the larger quantities. Tlie antpunt of lime 
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used varies enormously, and is invariably in great excess 
of the acViial requirements. “ Probably 2-3*per cent, on 
the green weight of the hides is all that can be really iftilized, 
the remainder being wasted." ^ This amounts to about 
2j lbs. lime per hide, but in prac1»ce it is more frequent to 
find 7, 8, () or even 10 lbs. per hide being used. The exc^s 
is innocuous, owing to the limited solubility of lime. Some 
excess is desirable, to re])lace in the liquor the linA‘ adsorbed 
by the goods in plunqnng, to assist bacterial activity (p. 21), 
and also because in shar]) lime liquors the undissolved 
portions do not remain so long in suspension. The use of 
sulphide and other alkalies does not “ make it possible " to 
reduce the amount of lime used, it merely renders the excess 
more siiperiUious. The use of sulphide not only shortens 
the process, but also sharpens it, on account of the caustic 
soda produced by hydrolysis. Usually for sole leather, 
however, it hardly sharpens it sufhciently, and it is very 
coniiiion to add also caustic soda (or carbonate of soda) 
to the limes. About 2 ozs. caustic soda (or its equivalent 
in carbonate) is used per hide. The hides are limed generally 
by the three-pit system, giving about three days in each pit. 
They should be handled each day in the first pit (old lime) 
and once in the other jiits. 

Ihdiairing and tleshing by hand labour is still common, 
in order to avoid great pressure on the pinniped hide. 
Scudding should be very light, and in some yards is entirely 
omitted. Only the lime on the surface of the hide should 
be removed by deliming, and this immediately prior to the 
insertion of the butts into the tan li«iuor. This is to ensure 
good colour and yet keep the butts plump. Boric acid is 
the best for this purpose, using 10-15 lbs. per 100 butts. 
The goods are inserted (and preferably rocked) in a dilute 
solution for a few hours only. About tlie same qilfintit^^ of 
commercial lactic acid may be substituted for the boracic. 
This deliming can also be accomplished by adding the acid 
to the worst suspender in the tanyard. 

To obtain tinnness and plumpi^jg it is necessary that 
^ Procter, "Principles ol Leather Manufacture," p. 129. 
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the q^rly liquors in tanning slioiild be more aci^'than for 
other leathers. With old methods of tanning one could 
trust the natural sourness of the liquors to complete* the 
deliming and replump the goods with acid. In such cases 
any deliming was also utinecessary. In tlie model n yard, 
however, we get “ sweet " liquors coming down the 3'ard, 
partly on account of the greater proi)ortioii of extract used 
and partK* because the li(}uors tlicmselves arc not so old. 
Hence it is now practically always n<‘cessarv to acidify 
artillcially tlie tan licp.iors. This may be done ])y adding 
a few gallons of lactic, acetic, fonnii', or butyric acid to the 
handlers and suspenders, es])eciall\' in the winter and sjwing. 
It is now increasingly common to ])lace sole butts in a 
special acid bath after they have been in tan li(iuor for about 
a week. This bath is often made from suli)huric acid, and 
may be i or 2 or even 4 per cent, in strength. 

The actual tanning of sole butts lasts three to four months, 
and just ])rior to the war the tannage consist ('d often of about 
one-third myrabs, one-third valonia, and one-third e.xtract. 
Tiu myrabs and \'alonia were leached togetlier, and the 
cxtrin t added to the ])est leach to make layer li(juors of the 
required strength. Some mimosa bark was generally used 
also, and now it is extensively eiiqdoyed to re])lace the 
valonia. The most widely preferred extract is chestnut, 
but quebracho, myrabs extract and mixtures have also a 
prominent ]dace, and mimosa bark extract an increasing 
im])ortance. It is recognized that this tannage is if any- 
thing too mellow, and tliat if only a smootli grain and plump 
butt ^an be ensured in tlie first weeks of tanning, it is much 
better for sole leather to employ tlie most astringent tans 
I)Ossible and the sharpest liquors (i.e. liipiors with a small 
relative proi)ortion of soluble non-tannin matters). Hence 
theje is*the tendenc}" in sole-leather tanning to employ 
fresh clear liquors for the butts and use uj) tlie more mellow 
liquors on the “ offai " (shoulders and bellies). 

Four tjqres of sole butt tannage will now be described, 
all of which illustrate ^he methods employed in a modern 
mixed tannage. 
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I. tI^ first type consists in a four-months tann^e, in 
which the liquors arc worked down the yard. 

The butts ])ass first through the suspenders (20®-4d° Bkr.) 
in about a week, and are rocked in the hrst liquors. They 
next enter the handlers rounds of eight pits, six 

iloaters and two dusters. Myrabs, or a mixture wtth 
algaro])illa is used as dusting material. The goods remain 
in this syt for two weeks, and should then be struck through. 
The sus[)ender handlers {35 ‘-63“) are next entered, in which 
they remain up to three wi'eks in suspension, being shifted 
forward on alternate days. The goods now enter the layers, 
of which four arc given : first 70® for one week ; second 73'' 
for two weeks ; third 80^^ for three weeks ; and fourth 90^ 
for a iiiontli. The goods thus take sixteen weeks to tan, 
of which ten weeks (02 1 per cent.) are in layers. 

The system of working the liquors is expensi\'e, and is 
only possilile if the butt liipiors can be spent out by tlie 
offal. The best or fourth layer, 90'’, is made from the best 
Icai'li li([uor, 65'', and extract (chestnut with some oakwood 
or mimosa bark). After use it lx‘comes the second layer, 
73'. d'he third layer, 80°, is also made from fresh leacli 
li([u()r and extract (chestnut with some myrabs or mixed 
e.xtract). After being used tlius it is used for the first 
la>er, 70’. The used fust and second layers are mixed 
together and used partly to form the belly layers, and partly 
to make a sliai p liquor for the handlers (35''- 40'') by diluting 
with .|() leach h([uor and adding (piebracho e.xtract. The 
old handler litpior is run to the suspenders (.p/’-2o^), and 
finally used for colouring off the offal in drum or paddle iS"". 
Tlie suspender handlers (h5"“35'') are made from fresh 
leach liquor and chestnut extract. They are afterrvards 
used to make shoulder layers. Tlie course of the liquofs is 
shown on p. 50. 

It will be seen that fresh leach liipior and fresh material 
are used to each set except the suspenders, which must 
have some mellowness to ensure plumping and smooth grain, 
lyayer liquors are used twace only, ai^d then (when only five 
weeks old) j^ass to the handlers. These are further sharpened 
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by flesh leach liquor and fresh extract and dry /nateiials. 
The forward handlers are fresh liquors with fresii extract. 
This ttinnage is fairly typical of high-class sole lealhet, in 
which the liquors are worked do^vIl the yard, but worked 
towards the offal, wliich flius receives liquors with relatively 
gft^ater proportions of mellow tans and soluble non-Ians. 

I, each lifjuor 

/ \ 

ph layer, c)o" \ : 

^ O ' I laye r. 8()^ 

2iKi layer, ^ >!/ 

I ist layer, 70'^ ■ 

I ^ j 

(mixture) ^ l)elliesj I 

I ^ 

if 4- v'^uspeiider liaiidlers — > 

Handlers, I'shoulders) 

.55'' -to" 

'I' 

^iK'.peiideis offal] 

2 . The second ty})e consists in a tannage of about four 
nio.'tlis, in which the liquors are not woikial down the butt 
yarn In this method also lh<ae is an attempt to save 
much of the labour in handling, fust by shoilening tlie time 
in the handlers by one wi-ek (as comjiared witli the above), 
<and second by fusing the two progressive handler sets into 
two sets of^(‘qual strength, through wliich the goods pass 
more slowly and with les^ disturbam e. 

The goods go tlirough tlu* suspemhus (ro'^~25 ') in about a 
week, rocking in the early liquors, and then into large rounds 
of handlers (jo'’-43b for one month. The liandlers consist 
of iloaters and several dusters, in which the butts are laid 
away with 13 cwi. myrabs. The goods next enter the 
layews, of the same strength as in Type i, and in which 
they renftrin the same time. The total tannage is thus 15 
weeks, (»f which 10 w'eeks (nearly 67 per cent.) are in 
layers. 

The best or fourth layer is made up from leach liquor 
and extract, and is thei^uj^d successively as a third, second 
and first layer, and then passes to the olfal Uyers. The 
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handler J^quor is made entirely from fresh le^ch liqu^ and 
quebracho extract, and is a sharp liquor of greater strength 
than its Bkr. strength would indicate. The old handler 
liquor is run to llic butt suspenders. The course is repre- 
sented thus : - • 

T/cadi liquor 

'I' 

.}tli 90'’ 

3rd layer. 80“ 

211(1 mycr, 73® 

ist layer, 70® [offal layers] 

AT 

Handlers (45”-3o^) 

'I' 

Suspendets (25'’-io'') 

3, The third type consists of a short three-month's 
tannage in which the liquors are worked straight down the 
yard. To eonqx'nsate for the short time it is necessary to 
have stronger layer liiptors in which the goods spend a still 
greater proportion of their total time. The stronger liquors 
involve a greater proportion of extract, particularly of 
quebracho, which fact causes the whole of the licjuors to be 
sharper than their Bkr. strength indicates, and justifies 
them Ix'ing worked straight down the yard. 

The goods go through suspenders (2o'^-4()‘^) as usual one 
week, and then ])ass into susiKuidcrdiandlers (40^-60°) for 
two weeks, and thence to the layers. In the tirst two of these 
and 70^’) they are actually in suspension, a week in 
each liquor. They are then dusted down for ten to eleven 
days, first in 85° and then in a 95° li([uor, and finally for a 
month in a liquor of i lo*^. 'fhe total tannage is thus twelve 
weeks, of wdiich nine weeks (75 ])er cent.) are hr layers. 
There is considerably le.ss handling than in Tyix? 2, and 
it is more convenient, the goods beinj^in suspension. 

4. The fourth type is also a three- month’s tannage. In 
this it is attempted to obtain even^eater w'cight with still 
less laboui^ Tlic layer liquors are kept much stronger by 
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the more extensive use of extract, and this makes ^ imprac- 
ticabil as we!l ^s too costly to run these liquors down the 
5"ard. ^They are tlierefore repeatedly strengthened With 
extract and used again. 

The goods go through suspenders (2o‘'-4(>'') as usual 
one week, and then through a round of suspender-handlers 
(40°-55^) consisting of fresli sharp liquor from the leaches 
together w^th quebracho extract. They are in this sot two 
weeks, and then are laid away. They receive tliree layers : 
lirst, 105'^ for 2 weeks; second, iio"^ for three weeks; and 
hnally, 120'^ for a month.* Of the twelve uceks, therefore, 
nine week‘s (75 per cent.) are spent in layers. In tliis 
method the goods are immersed in j per cent, sulphuric 
acid after passing through the suspenders. 

Tliere is possible, of course, a tremendous mimber of 
variants of the above types. The number of handler 
rounds (S determined by the number of butts being dealt 
with. With a large number it is more easily possible to 
arrange for them to he in progressive strength as in Type i. 
There are also many sy.stems of working tlie layers, of 
whkl.> the most notable is to make the second or third layer 
from fresh leacli liquor and extract, aiid strengthen it with 
extract for the succeeding layers. It is then used as a 
lirst layer and \vorked down the yard. 

The bellies and shoulders often go through separate 
sets of liquors, but it is common to put them through 
suspenders, and even handlers together. They receive, of 
course, a distinctly shorter tannage, and are often druinined 
with extract before laying away or after the first layer. 
By way of illustration, the course of the offal and their 
liquors may be given in the case of TyjX! i. The shoulders 
aucl bellies are coloured off in a paddle or drum with old 
butt susf>ender liquor, which is then (piite exhausted. They 
then pass through suspenders together in 4-5 

days, and go through a handler round (4o'~55') for 3 
weeks, including one duster. The bellies are removed after 
2 weeks, and given thrive layers (60'’, 80'') of a week each. 

They receive, therefore, nearly 6 weeks in all. Xlic shoulders 
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also hav^liree layers (60'', 65° and 80°) of ,2, 3^ and 4 |ireeks 
respectively. 

'the course of the li{piors is shown thus 

Butt Inf ers lUilt Kiisixmleii Butt suspenders 

{and I extract} Handlers ( j- extract) 1 

Lle]l\' laveis vSJioulder la}'crs 

(80"- 60”) (8o"-r)0°) 


( >fFal handlers (5.^’ 40'’) 

I 

Ollal suspenders (40'’- 18®) 


Drain 

'I'lic tainied butts are piled for 2-3 days, soiiiotinics 
rinsed to leiiiove dusting niaterial. and then scoured eitlu r 
by luaeliino or by driininiing with siiniac and extract. Tliis 
icuioves bloom, but causes sonic loss of weight. “ V'atting ” 
or “ bleaching ” now follows, in wdiich it is attempted not 
only to bleach tlie colour of the leather, but also to impart 
as much weight as ])ossible. The vat licpior is made se\'eral 
d('gi('es strongi'r than the last layer by means of (tiiebraclio 
Ideaehing extract and good coloured chestnut or niyrabs 
extract. The li<iuor is k(3>t warm by a steam coil, at about 
100” I'., but not much more without risk. The goods 
remain in the bleach liquor 2-3 days and are then horsed or 
su.spended to drain. Sumach is sometimes used in Hie vats. 
A new vat Ii([uor must be made up after some weeks’ use. 
The goods arc .sometimes rinsed in weak sumac liquor bej'ore 
vat ting to get good penetration, and sometimes# after to 
ensure good colour. 

The butts are next oiled and hung up in a dark shed 
and allowed to dry slowly and eveul\' to an “ india-rubbery ” 
consistency and rather slimy feel. They are then “ struck 
out ” by machine, wiped, re-oiled and again hung up to 


t )ft'al drums 
(j8^) 
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dry, ijeferably with sulphonated oil. After a shoii dr>diig 
to a suitable and even condition they are " rolled on,” and, 
possibly after further drying, “rolled off” with greater 
pressure, and then dried for a day or two with the help of 
a little steam. Finally thiey are inachine-brushed and sent 
to 4 he warehouse, where they are weighed and classiiied. 

The oiial is often drum oiled. It needs more striking 
and is moA-‘ diOioult to obtain in suitable condition for 
striking, rolling. It is treated similarly to butts, but often 
also goes for dressing leather, and may be split. It is of 
some interest to compare ^he above processes with lliat 
once very popular manufacture of “ bloomed butts ” in 
the \\>st of Ihigland from South American salted hides. 
These receive a liming from 12-14 days, using i2-i() lbs. 
of lime per hide. They receive then a tannage of about 
9 months, comprising 4 weeks in sus])enders (20"- -40') — 
very soui and nudlow li(|uors— 4 weeks in handhas (40^-55 ’), 

.f weeks in dusters (bo 4 weeks in round made from hemlock 
e,\:tract (bo'-), and 20 wi'eks in si.\ layers (60 '’-90'’) in which 
they wore du.sted heavily witli valonia. Oakwood e.xtract 
was ns( d for the layers, whicli took 57 i)er cent, of the total 
lime. The butts were scoured in a mucli-dried condition, 
so that onl\' the loose and surface bloom was removed. No 
Ideachiiig was given in the modern sense. 

In the old oak-bark tannage of sole leather up to 12 
months were taken for tanning, two-thirds to four-lift hs of 
which time the goods were in layers. The strongest liriuor 
rarely exceeded 50^ even where valonia and gumbier were 
also used, and rather more than ^^o'’ if not. 

It will be understood from ilie abo\-e that the tendency 
for many years has lx‘en to shorten tlie time and tlie labour 
requv'ed for tanning. Drum tanning is obviously the next 
stage in sliorteiiing the time. In one such process the butts 
are put through sustxinders (25 '-40") for 2 weeks, drummed 
for 1 2 hours in an So*^ extract li(pior, and iinally in a neat extract 
200'^ for 36 hours. Drum tanned sole leather, liowever, is 
not as yet of good qualitj^ ; the grain is not smooth, and the 
heavy^ weight finish {striking and rolling) needed to counteract 
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this teAlcncy is liable to cause poor ” substance/^ The 
leather, loo, readily wets and goes out of shape. Ipssibly 
some drumming may be adopted to save time in tMe early 
layers, but the most serious rival to the 3 months’ tannage 
is the waterproof ehroiiie sole leaither (Part III., Section V., 
P- 173). 
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He^ction VI.-BELTING LEATHER 

Thk 111 aiuiiaet lire of Ix'Itiiig leather is well illustrated by 
the tanning and finishing of strap butts." In general, 
the tannage presents many points of great similarity with 
the tannage of sole leather; indeed, the resemblance is so 
close that in some factories there is little diflerence observed, 
and the currying and iinisliing operations are relied on to 
jiroduce the desired diflerence in final results. Nevertledess, 
there is considerable dilTerence in the type and ideal of the 
two leathers, wliicli may be expressed in trade parlance as 
a greater " mellowne.ss " for the belting leather, and in the 
best methods of manufacture lliis fact is in evidence 
thrcngliout the whole process of manufacture. 

In liming, there need be little difference between sole 
and Ixdting hides, and a sharp tieatment of 9-10 days, by 
the three-pit system, with a day or two extra in the coldest 
weather, would meet ordinary needs. Kor the conservation 
of hide substance and for the saving of time a shorter liming 
is sometimes given, in wiiicli more sulphide is employed 
than is usual for sole leather. Even the very short processes 
of liming, i to 3 days, whicli involve the use of strong 
solutions of sodium sulphide, have been successfully employed 
for belting leather. The tendency to harsh grain with such 
processes is not so serious a defect with belting as with sole 
leatlier, and can be minimized by careful deliming. American 
and^Contfnental factories tend to favour the use of those 
quick processes which employ warm water in addition to 
sulphide. The hides •after a short liming in sulphide limes 
are immersed in warm water, which greatly accelerates both 
the chemical and bac^rial actions. For example, after 
about 3 days' liming, in which both old and ne*v limes are 
B. 5 
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used as^sual, the hides may be thrown into watenfrom 
ioo°-i05^ F., and will be ready for depilation in / or 8 
hours. 

Even a stronger liming may be given, especially if the 
soaking is unusually prolonged. v%ch processes undoubtedly 
save hide substance, and the pelt is obtained more free fr«m 
lime, but they have the disadvantage that the natural 
grease gf the hide is only imperfectly “ killed ” fi.e. saponi- 
fied or emulsified), and may interfere with the normal 
course of the tannage. The plumping is also apt to be 
insuflicient. On the other han 3 , liming processes are also 
used in which a mellower liming or a longer liming is preferred 
in order to produce the desired degree of softness and 
pliability in the finished leather. Belting must not be too 
soft, of course, and it will be clear that the required differ- 
ence from sole leather can be produced either in liming or 
tanning or partly in both. These considerations also 
decide whether bating is to be omitted or not. A hard 
astringent tannage in sour liquors after a sharp liming 
might make bating essential, but in these days it is usual 
to avoid it and produce the effect in other ways. A light 
bating of a few hours is sometimes given, but it is more 
unusual to delime the grain thoroughly with boric acid, 
using up to 20 lbs. ])er loo butts. Crackiness is a fatal 
defect in strap butts, so that a sound grain must ahvays be 
obtained. Generally speaking, therefore, strap butts receive 
more washing in water, and rather more deliming than sole 
leather, even when they are not bated. It is also usual to 
scud much more thoroughly, and to round a larger propor- 
tion of butt, especially in lengtli. 

The tannage is usually carried out with a blend which 
includes a much greater proportion of the fruit tans, and 
correspondingly less of extract. « 

DistincUy more myrabs are used than in sole leather 
tannages, in the dry material, and umongst the extracts 
chestnut is preferred to quebracho^ and myrabs to mimosa 
bark, though all these may be used* in some degree. In the 
past the cUiost favoured extract has been undoubtedly 
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gamier, which gives a tannage which is easily carried and 
impalts the required mellowness to the uncurried leather. 
The ^eat expense of this material, however, together with 
the advent of drum stuffing and sliorter tannages in stronger 
liquors, have tended to vause a considerable reduction in 
tl^ proportion used for strap butts, and to limit its employ- 
ment toihe earlier stages of tanning. 

The same tendencies for reducing tlie time ^aken to 
tan, employing stronger liquors, and securing economy of 
labour in handling, have been evidenced in the tannage of 
strap butts as in sole butts. It is nevertheless true that, 
broadly si>eaking. strap butts receive rather more handling 
and rather weaker liquors than sole butts. A greater amount , 
of mechanical assistance is also employed with early stages 
(paddling, drumming, rocking). This is less objectionable 
for curried leatlier than for sole butts. The handling is 
more usually in suspension. The liquors arc usually worked 
straight dorvn the yard as a greater mellowness is needed 
in the early liquors than for sole butts. The olTal is given 
a separate tannage and often used for different purposes, 
e.g, tlv' shoulders for welting and the bellies for fancy goods. 
Plumping with sulphuric acid is generally considered in- 
admissible for strap butts. It has been shown that leather 
containing sulpliuric acid tends to jrerish after the lapse of a 
number of ^*ears. Sole leather will be worn up before this 
effect is observed, but belting is an article which is intended 
to last much longer, and the use of sulphuric acid is con- 
sequently inadvisable. Plumping must be obtained, to a 
considerable extent, but must be achieved by the organic 
acids (lactic, acetic, formic and butyric acids) . A few^ gallons 
of such acids are consequently added to the handlers, 
espe^:ially in the winter and spring. Less may be used in 
the autumn, when the layer liquors which fermented in the 
summer months have worked down to the suspenders. A 
mixture of these acids is usually better than any one alone, 
for they not only differ very considerably in price, but also 
have different powers of, ifeutralizing lime and plumping the 
goods. Lactic acid (MW. 90), Acetic acid (M.W. 60), and 
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formic aijd (M.W. 46) are each monobasic acids ; qonse- 
quently 3 lbs. formic will neutralize as much fime asfe lbs. 
acetic or 6 lbs. lactic. Their plumping powers are soinewhat 
influenced by the anion. In determining what quantities 
to take, the commercial strength hi the acids must also be 
considered. I'ormic is often 8o-{)0 per cent, pur^z acetic 
60-80 per cent., and lactic 40-60, but may be a^low' as 25 
per cent. The blend must be adjusted accordingly. As 
strap butts do not need the lirmness of sole leather, less of 
these acids may be used than for sole butts. 

The exact natiue of the tannage and the strength of the 
liquors is largely iulluenced by commercial considerations. 
If the manufacturer is both tanner and currier, he need not 
go to such great expense in strong li([uors and in time in 
layers, for he can obtain some of this weight in currying. 
If, however, the tanner sells the butts rough dried, he 
must naturally aim at obtaining greater weight in 
tanning. 

The actual details of the tanning processes are as usual 
very varied, but may be classified according to type, just 
as in the case of solo butts. 

Illustrations will now be given. 

Type I, which may be compared with Type i for sole 
butts, is a tannage of about 5 mouths. The goods pass 
through suspenders (8'' -30'^) in 2| weeks, and then pass to 
the handlers (30''^ -50^). in which they remain a month ; they 
are then put into suspension again and pass through the 
sustK'nder handlers (40" 55"). wliich takes 2^ weeks. In 
this round much gambier is added, and the goods are 
frequently handled. Four layers are usually given, viz. 
first layer 55’. one week; second layer 60°, two weeks; 
third layer 65',“ four weeks; and fourth layer 75°, .four 
weeks. The tannage is thus 20 weeks, of which«ii weeks 
(55"* cent.) are in layers. Fixtra layers may be given 
to heavier goods, using stronger liquors«made up with extract. 
All liquors work straight down the yard. 

The tannage consists of 35 pea: cent. nnTabs, 35 per 
cent, valofiia, 10 ^x^r cent. Natal bark, and 20 per cent. 
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extr^^ct, chiefly gambier, though some ehestiiut/and que- 
brac’j^o are used. 

Type 2 represents the modem tendency to use stronger 
liquors and a shorter time. The strap butts pass through 
the suspenders in li weeks, during about a third 

of whTtrii time they are rocked. They next pass tlirough 
two sets ^ suspeiider-liandlers (5o'' -67‘" and 67'’ - 80'’), which 
takes a month, and thence to the layers. Three layers are 
given (85", and 100'^). in which the goods remain one, 
tliree atid four weeks respectively. The tannage is thus 
13^ weeks, of which 8 weeks (nearly 60 ])er cent.) are in 
layers. The liquors work down the yard, honger time 
may Ix" given to heavier goods. The tannage consists of 
40 per cent, myrabs. 35 ])er cent, valonia or Natal bark, 
and 25 per cent, extract, chielly cheslnul, tliough some 
gambier may be added to the sus))enders. 

However tanned, strap bulls are first dried out rough 
over poles. This assists in making the tannage j)ermanent, 
on account of secondary changes discussed in vSection III, 
p. Tliey are next wet back for currying by .soaking 
in WcC.er or sumach liipior for a few hours and piling to 
become soft and even. Tlie first operation is “skiving/’ 
which is a light shaving on the llesh side, carried out by 
a sharp slicker with a turyed edge. The butts are next 
scoured thoroughly by machine on both flesh and grain, 
and sumached in a vat for several hours at joo° F., after 
which they are slicked out and hung up in a cool shed to 
satnm for stufhng. Hand stufling is often still jireferred, 
with tallow' and cod oil. The butts are next set out, and it 
is important that this should be thoroughly done. Machines 
are now generally u.sed, and the goods are often re»set after 
furrtier drying. After drying out completely they are given 
a light boating of tallow and laid away till wanted for 
cutting up into straps, which is now done by machinery. 

A Continental method for making belting leather is to 
give 6 weeks in a susy»ender set (7o"-24°) of twelve pits 
arranged on the press system, running two fresh liquors a 
week, and to give them two layers (24° and 2W) of 6 and 
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& Vtlie material is chiefly pine bark, b:it some* oak 
bark, valoiiia, myrabs and quebracho are also used.^ The 
goods are stuffed by “ burning in," molten fat being poured 
on the flesh side. 
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VII.— HARNESS LEATHER 

When discussing the question of oak bark (Section III.), 
reasons were advanced for its decreased use and popularity. 
These were quickly appreciated in the sole leather trade, 
but the obsolescence of Oak bark in the dressing-leather 
section was much more prolonged, partly because there was 
less pressing need to obtain good weight in the actual tanning, 
and partly because in some branches of dressing leather, 
such as belting and harness, a leather was required of great 
durability and toughness, for which qualities oak bark 
tannage had a deservedly high reputation. Hence harness 
leather manufacture affords a good illustration of the 
transition between the methods of the late nineteenth and 
tho;-(* of the twentieth century. With the use of oak bark 
lingered the old methods of liming, bating and tanning in 
weak li([uors for a long time with plenty of gambier. Hence 
in this section it will be necessary to observe a gradual 
transition of method, both in wet work and tanning. It 
should be pointed out that fliis transition has not been and 
is not going on in ail factories at the same rate. Many 
factories remain in which the old methods are still preferred 
at some stages of the manufacture, and some remain in 
which many of the changes indicated below have not taken 
place at all. The leather trade has always been considered 
conservative in its methods, but it should be realized that 
much of the prejudice in favour of old methods is due to 
the public, and that after all tanners and curriers, like other 
business men, have to suit their customers. The march of 
industry is not like a regiment in line ; it is rather more like 
nature, a survival of the most adaptable. 

Hides for harness Ipather are limed in various ways, of 
which the following are types. 
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1. A father mellow liming of 10-15 days ^longer .than 
for sole leather), in which nothing but lime is used, and a 
certain amount of old liquor used in making up tile new 
limes. The liming was carried out by the one-pit system, 
but the goods and li(iuors were kept clean by a good soaking 
process. Hence the loss of hide substances was^<. vefy 
great ; goods so treated were bated before tanning. 

2. A shorter liming than the above by the three-pit 
system. This saved time (taking 9-10 days), saved hide 
substance, and ensured greater regularity of treatment. 
The limes were about as mellow, bht a little sulphide {2-4 ozs. 
per hide) was used to assist the depilation, esj^ecially during 
the short-hair season. These goods were also bated. 

3. A distinctly longer liming, 15-16 days, in mellower 
limes. This differed from Ty|K‘ i also in the respect that 
greater regularity was ensured by the three-i)it system ; a 
foot or two of old li(pior was used in making up tlie new 
lime. More hide substance was lost than in either of the 
above processes, but this was deliberate, the object being 
to dispense with bating, which is always light for harness 
hides. Thus a longer and mellower but systematic liming 
W'as used as a substitute for shorter liming and bating. No 
sulphide was used in this process. 

4. A .short liming of 6-7 days, using up to 12 ozs. of 
sulphide per hide. The object here is to save time and hide 
substance. The three-pit system is preferred. Bating again 
becomes necessary, but the pigeon-dung bate is replaced 
by artilicial bates, less objectionable, quicker, and more 
scientific in management. 

5. A still shorter process of about five days, using still 
more sulphide (about 16-20 ozs. per hide), together with 
some calcium chloride to reduce harshness. In such a 
method there is a tendency to revert to the one-pil» system, 
which involves rather less labour. The three-pit system 
shows to a great advantage in the longer processes of 
liming when the process is reduced to five days; there is 
little difference betw^een the tw'o, foi; a one-pit system is a 
two-liquor ryethod. Hence again an artificial bate is used. 
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Tlje various methods of liming, together with alialogous 
•ivariatmns in tannage, have resulted in great variety in 
bating/ Sometimes up to three days' bating has been given 
at 70° F., but more often the goods arc merely immersed 
overnight, and then delimed with boric acid, but witli 
su4)hi^ processes it is an advantage to use some of the 
commercia bates of the ammonium chloride type, and 
finish off with boric acid. Scudding is always more thorough 
than for sole or belting ; the hides are rounded into long butts 
which include most of the shoulder “ harness backs." The 
goods are sometimes bate siiaved. 

A few tannages will now be outlined, in order of historic 
type. 

Type I may be taken to represent the so-called 
“ high-class " process in which oak bark myrabs and 
valonia are tlie staple materials. A good deal of gambier 
is also used, and a little myrabs and chestnut extract are 
helpful in attaining the desired strength of liquor. The 
" backs " go first through suspenders (8 -30 ), which takes 
up tc three weeks, and then in to handlers (30 '-.jo ) for four 
weeks, ipiisisting of rounds of clear liquor. They next go 
through a duster round, in which they are ])ut for a week 
with oak bark and myrabs into a liquor of 45 J''our layers 
are given (50'', 55'', 60'' and 65'"), in which the goods remain 
for two, three, four and five weeks resj>ectively, oak bark 
being the chief dusting material. The tannage is thus for 
twenty weeks, bight backs receive less time in the layers 
(only II weeks). If the tanner is also the currier, the fourth 
layers are omitted. He then saves five weeks and gets the 
weight in the stuffing. 

Type 2 is a tannage in which oak bark and valonia are 
repla^^ed by myrabs, mimosa bark and chestnut extract. 
It is thertfore considerably cheajier and probably no less 
durable. Fxpense is also curtailed in handling. The 
harness backs go through suspenders (i6''~30°) in two weeks, 
handlers (3o‘'-45°) in four weeks, and then receive four 
layers of the same strength as in Type i, but only one, two, 
three and four weeks resj^ectiv^ely. The last layei^is omitted 
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{or light karness, and an extra layer of 75° is givep if the tanner 
is not the currier also. Thus the usual tannage is i6-2c 
weeks, of which 10-14 weeks {63-73 per cent.) are inlayers 

Types is a tannage which may consist of myrabs (55 pei 
cent,), valonia or mimosa bark 25 per cent., and extract (26 
per cent.). The extract is chiefly quebracho, though, some 
chestnut may be used. More valonia and less nj^abs may 
be usecl^if desired (and when possible), and myrabs extract 
will then replace quebracho and chestnut. The goods are 
coloured off in drums or paddles, and then pass through 
two sets of suspenders handlt^rs (20^-55° and 55°“75)- 
They are handled up and down very frequently in the first 
Set and rapidly pass into stronger liquors. The backs then 
receive three floaters at 80'’, in each of which they remain 
one week. The tannage is completed by three layers first, 
85^ for one week ; second. 90"^ for one week ; third, 95° for 
two weeks. The tannage is thus ii weeks, of which 7 W'eeks 
involve little labour. If the tanner is not the currier, still 
stronger liquors may used. 

In all these tannages little or no acid is used for plumping, 
as the natural acids of the liquors are suflicient to ensure 
what is necessary in this direction for this class of leather. 
A little organic acid or even boric acid may be used in the 
earliest liquors for deliming purposes, when necessary. 
After tanning the goods arc dried out and sorted in the 
rough state. Harness is a somewhat broad term, and 
there is scotie for considerable variety in classification. The 
hides are sometimes not rounded until after tanning. The 
finished article may be any grade between heav'y harness 
for artillery and leather for ordinary bridles. 

In currydng heavy black harness, the backs are soaked 
and samnied for shaving. I/ighter goods may be macliine- 
shaved, but the heaviest are sha\^d lightly by kand over 
the beam or merely “ skived with the shavdng slickers. 
The neck needs most attention, and it is often advisable to 
stone by machine and split. The scouring should be 
thorough, on flesh and grain. This is done by machine, and 
not only ch*ans the goods from bloom, dirt and superfluous 
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tan, but also % assists in setting out. Sumacliing 'tnay be 
several days, meiely overnight or even only for a few 
hours, being stoned after wetting back to temper. Hand- 
stuffed goods get a coat of cod oil first, and during the drying 
are often well set out. Druin-stuiTed goods are well set 
outf by>i^^achine, and after some drying, stoned and reset 
by hand. \t is now usual to buff the grain, t.c. remove the 
coarser parts by light shaving. This prevents cracking in 
the finished article. The goods are blacked witli logwood, 
Jron and ammonia, thinly dubbined again, again well set 
out and tallowed. Setting out, indeed, may be done at 
any convenient opportunity. The superfluous grease is 
removed by slicking, scraping, brushing with a stiff brusli, 
and finally with a soft brush. 

For brown harness the goods are more carefully selected, 
more thoroughly scoure<l and sumached, and bleached 
frequently with oxalic acid. They are hand stuffed, stained 
twice, and after the usual setting out, glassing and brushing, 
are finally rubbed with flannel. 

For bridle leather the goods are carefully sliaved but 
are not stuffed, being merely oiled with cod oil on flesh and 
grain. They are dried out before scouring, and then sized, 
set out, stained and resized. The goods arc heavily glassed 
during the finishing. 
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.Section VIII.— UPPER LEATHERS 


Tiik manufacture of leather for the uppers of boots and 
shoes embraces a bewildering variety of goods, suitable for 
anything between a baby’s shoe and a man’s shooting boot. 
Almost all degrees of lightness, softness, and waterproofiiess 
are in demand. A great variety of finish is also involved, 
determined by the ingenuity of the currier and the ever- 
changing fancy of the public. Even greater is the variety of 
methods by which all these results are obtained by methods 
which superficially seem (piite dilTereiit ; the desired 
qualities being imparted in one case largely by the tannage 
and in another case almost entirely by the ciuTyiiig. Under 
such circumstances the selection of types becomes a 
problem. 

The variety, moreover, commences from the earliest 
stages, the selection of the raw material. Upper leather 
may be made from light calfskins, heavy calfskins, kips 
(home and foreign), light dressing hides and heavy dressing 
hides, which last may replace any of the former after 
splitting to the required substance. In this section it will 
be necessary to take kips as typical of the rest, and to use 
it in a rather broad sense, including heavy calf and light 
dressing hides. 

vS peaking quite generally, kips for upper leather re^ceive 
usually a long and mellow liming, a thorough bating and a 
sweet and very mellow tannage in weak liquors. In curry- 
ing they are well scoured and set out, heavily stuffed and 
stained black, being sometimes finished on the grain and 
sometimes on the flesh. These outstanding features of 
upper-leather methods will be further illustrated by a brief 
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account of tjie tanning of kips (light hide and hea\7 
•^f), apd outlining the best kno^^^l types of finish for butt, 
shoulder and belly. 

The goods receive usually a long and mellow liming of 
14-16 days, using only lime as a rule. In some factories 
linn? liTJnors are used repeatedly for successive packs to an 
almost ind^nite extent. Dissolved hide substance, ammonia, 
mud and dust, and bacteria accumulate for montjis and 
sometimes for years. It is obvious that in such licpiors 
putrefaction ’’ is a more conect term than "liming” for 
the depilation. Such methocls have been used even in recent 
years, but there has now been a tendency for some time to 
make the liming more methodical. vSuch old limes make a 
leather which is empty, loose, and dull grained, but the 
defects are minimized by the system of stufling heavily and 
finishing the tlesh, and hence Die ancient lime remained 
with surprising tenacity. Ivven so late as 1903 we find that 
Procter with characteristic caution could vTite, " Probably 
no lime ought to be allowed to go for more than three mont hs 
at tie' outside limit without at least a i>artial change of 
liquor.” It is within the wTiter’s experience to find an upper 
leather factory with limes which had never been emptied 
for over three years. In other factories, however, there 
has been a revulsion of feeling with regard to such processes, 
and it has been found advantageous to adojit a more scientific 
routine, in which the lime pits are cleaned out at regular 
intervals. There is little doubt that a mellow liming is 
desirable, but this can be secured by blending some old 
lime liquors with fresh lime liquor in a systematic manLcr. 
Similar considerations apply to the question of working the 
various packs through the limes. It is clear that with a 
mellow liming a one-pit system is quite possibly satis- 
faetpry, btit the re\mlsion of feeling against a lack of method 
produced a method of liming more elaborate than usual, and 
it is now not uncommon to find kips limed in a “ round ” 
of 6-8 pits, the goods^ passing through each pit. They 
remain in one pit about tw'o days, and are shifted forward. 
In the green or old limes the goods are handled up and 
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down. The old limes are, of course, mellowej than the new 
and exert the desired softening effect. The working 
quite analogous to that of a round of handlers. Unhairing 
is sometimes assisted by the use of arsenic sulphide. E.I. 
kips need a thorough soaking before any liming ; several 
days arc usually needed. The old methods iBPt^olving 
putrid soaks and stocks may be considered out date, and 
it is usual to soften back in caustic soda or sulphide soaks 
with some assistance by drumming. A little sulphide is 
sometimes added to the older limes to continue the treat- 
ment. 

The goods are next thoroughly bated and delimed. The 
hen or pigeon dung bate is still usual, and probably gives 
the best results, though closer approximations have been 
made of recent years on artificial lines. vSome bating with 
solution of hide substance seems necessary for tliese goods. 
The lighter goods are often drenched also to complete the 
deliming, using 6 per cent, bran on the weight of ])elt. Tlie 
heavier goods are more often treated mih boric acid after 
bating, which not only deliines completely and gives a soft 
relaxed felt, but also acts as antiseptic and stops the action 
of the bate, a matter of some importance (see vSection II.). 
Lactic acid may substitute boric, in which case about 
2 per cent, on the pelt weight of 50 per cent, acid 
may be required. It is important to avoid a strong 
solution and local excess, hence lactic acid must be added 
gradually so that the liquor is never stronger than 0*2 
per cent. Drumming and paddling is an advantage in 
deliming. 

The tannage is light in most cases, partly because some 
of the finished goods are sold by area, but partly also 
because even if sold by weight, the weight is obtained 
quicker and more easily by stuffing, which course is also 
often preferable to obtain the desired mellow feel, water- 
proofness and durability. Hence it is seldom that strong 
liquors are employed. The tannage is also mellow, on ac- 
count of the softness and pliability required ; no acids are 
consequently employed, and no material which is liable to 
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yield ‘Sour liquors. Gambler is easily the first favourite 
■^ongst the tanning materials, whilst oak bark comes 
second. It should be observed, however, that a h>T^o- 
thetical tannage of equal w'eights of cube gambicr and oak 
bark is in reality a tannage by four-fifths gambler and one- 
fifMi d?rt: bark, on account of the relatively greater strength 
of the fonder. This observation is so apposite with respect 
to some tannages that it is nearly correct to say that the 
tannage is gambler and the oak bark an excuse for having 
Jeaches through which the gambler liquors may be run 
occasionally to clear and t 1 ) sharpen slightly. No serious 
theoretical objection to such a method is possible if the 
liquors are weak and the system of working the liquors is 
scientific and the process carefully regulated . U])per- leather 
tannages, however, have scarcely merited scientific praise. 
It is often a case, not of poor methods, but of no method at 
all. The same lack of system, principle, and regularity 
observed with regard to the limeyard has lx‘en equally 
obvious in the tanyard, when |x?rhaps the need was even 
greater. Even a mellow tannage has varying degrees of 
mellowness possible to it ; there still remains the ([uestion of 
the soluble non-tans. However, method in the iijrper-leather 
tanyard has often been conspicuously absent. There has 
been many a factory where any one tan liquor was as good 
as any other in the yard. In the wTiter’s experience arc 
two such cases: in one the liquors were all 23'’ Bkr., in the 
other they were all 0° Bkr. In such cases, handling the 
goods from pit to pit is somew'hat futile, and handling forw’ard 
from set to set still more so. Hence it is |x)ssible to find 
dressing leather tanned by putting it slowly through one 
round of handlers, adding a few buckets of gambier where 
it apparently is necessar>^ It is, from one point of view, 
sur|>risin^ to see what serviceable and excellent- looking 
upper leather can oe manufactured by such happy-go- 
lucky processes. It is, however, also possible to see how 
this may occur. Gambjer is a stable tan, and no souring 
and little decomposition take place in gambier liquors. 

It is also extremely mild and non-astringent, an^ is always 
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used in weak liquors. The hides, moreover, ^re completely 
delimed, and there is little danger of bad or uneven coloifff 
Tanning under these conditions is at its easiest ; it is almost 
more difllcult to spoil the goods than make them right. 
Under such conditions tanning deteriorated rather than 
improved in method. When neglecting it mad^ little 
difference to the finished leather, it was negle/ed. 

Thi^ state of affairs, however, was embarrassing when- 
ever a tanner wislied to try any other tanning material. 
The expense of gambier and oak bark made valonia and 
mimosa bark into obviously ^desirable alternatives and 
substitutes. Methods which would tan with gambier, 
however, would not work with Natal bark or valonia, and 
many a tanner has had to revise his metliod of tanning 
from end to (md. The use of m>Tabs also raised the problem 
of souring, and it has become evident that working the 
li([uors down the yard ” is as desirable a method for dressing 
leather as after all other tannages. It will be clear from the 
above that types of upper-leather tannages are less t^qncal 
than for other leathers, but nevertheless the more progressive 
manufacturers liave for some years now been working 
on sounder lines, economically and scientifically. In 
such cases it is now usual to |)ass the goods through at 
least two sets of handlers, and througli liquors of gradually 
increasing strength. Occasionally dusters or layers arc 
given, especially for the heavier goods. The tannage 
is nearly always commenced now by paddling the goods in 
the oldest liquor. This paddling may be an>i;hing from 
half an hour tq) to twenty-four hours. It is sometimes 
desired to work up a '' grain.” and the old liquor is then 
often sharpened by the addition of fresh gambier or leach 
liquor. 

The .same tendency to save labour in handling is to be 
observed in upper leather tannages as in sole and other 
dressing leather factories. There is also a tendency to obtain 
rather more weight in tanning by using stronger liquors, 
and in the lieavier goods to shorten somewhat the time taken. 
The follo\ving methods may be taken to illustrate modem 
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processes, in order of evolution. They all last about seven 
♦ jweeks. 

Type I.— In this j^rocess the kips are tirst paddled in an 
old liquor (j®), and passed to tlie first liaiidlers 
for tliree weeks. After working through tliis set tliey pass 
tlnoiig!: tile second handlers in wliich they are 

not handled quite so frequently. They are in this set also 
three weeks. Heavy goods may tlien receive a lloater (30°) 
for anotlier week. 

Type 2. —In this piocess the goods are paddled, 

and then enter a laige handler round (8 '-30 '), through 
which they ])ass in live weeks. The goods are handled 
frequently in the early stages. The tannage is com- 
pleted by one layer of two weeks [yT). The layer is made 
by the ancient method of ])Utting the goods and dust 
alternately into an emj)ty pit. and tlien lilling up with 
liquor 'rom the best leach. (,)ak bark, valonia and 

nuTabi are used as dust, though sumach and gambier 

have been used. 

Type 3. "In this jirwess an attenqit is made to 

save handling and obtain more complete tannage. The 
goods are paddled for three to five hour.s in a rather 
sharp liipior of io“, and are then handled well for a 
week in the first handlers (5'^-2o '). The goods then go 
through the second handlers (2o''- q5 ) in six weeks, and 
heavy goods may then leceive an extra floater (45'') for 
one week. 

In type i the leaching material is two-thirds oak bark 
and one-third valonia; in type 2 it is half oak bark and 
half mimosa bark ; in ty]>e 3 it is one-third oak bark, one- 
third valonia or Natal bark, and one-third myrabolans. 
In ail cases the strongest handler is obtained from the 
leaches, a*d made up to the required strength with strong 
infusion of gambier. When the liquor has passed through 
the forward handlers, it is returned to the leaches to clear 
and sharpen, and then run to the green handlers. After 
passing through this round it is again returned to the 
paddle, from which it passes to the drain. The orest of the 
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paddle liquor may be from the forward hj^dlers. It is 
often customary to obtain the best liquor from the secoiaA 
leach, and allow the best leach to stand for a few days. 
This allows the bloom to deposit in the leaches. The system 
secures tlie result desired, but the deposition of bloom 
involves a loss of tannin, which waste makes the -lystfin 
expensive. 

Heavier dressing hides are tanned by methods similar 
to the above, but with floaters, dusters and occasionally 
layers added after they have passed through two sets of 
handlers. Thus they may hav6 first handlers (8°-i8°) two 
weeks; second handlers (40 ‘'-45°) for six weeks, making 
twelve weeks in all. Lighter goods may receive two 
rounds, being two weeks in each. 

After tanning, the kips are rounded usually into 
butts, shoulders and bellies, to which dilTerent finishes 
are given. The currying may be illustrated by selecting 
tyjx'S, but it must be borne in mind that there is much 
elasticity in this matter. Tims kips may be made into 
waxed butts, satin shoulders and lining bellies, but also 
may be cut down the back in “ sides," both of which are 
finished limings. 

Waxed kip butts are a type of many similar upper 
leathers (waxed shoe butts, waxed calf, \^axed splits, 
etc.). The finish is on the flesh side. The kip butts 
are soaked carefully, and shaved by machine. They are 
then drummed in sumach for an hour or two, slicked out 
and sammed for stufling. The sumaching is also the 
scouring unless the goods be too heavily bloomed. The 
samming is often done by machine. Drum stutfing follows, 
wool fat and stearin being staple greases, with varying 
amounts of degras and cod oil, and of tallow and cod oil. 
A little paraflin wax and resin are also used sometimes. 
The goods are well slicked out and dried. They may be 
now dubbined and laid away to mellow for whitening, 
which consists of a careful shaving of the flesh by a turned- 
edge slicker or by machine. The grain is stoned, set out 
and “ stanched," and the butts grained by boarding the 
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flesh. In th ^ waxing, one of two courses may be adopted. 

butts may be blacked with lampblack and oil, 

“ bottom sized " with glue, soap and logwood, and then 
“ top sized " with glue, dubbin, beeswax and turpentine ; 
or they may be given a “ soap-blacking " of soap and log- 
wicd* and lampblack, applied by machine, and sized once 
only. 

Dressing hide butts may also be given a graiTA linisli, 
such as the “ memel butts ” for heavy npi>ers. The butts 
are soaked, shaved or split, sumached in drum, and pre- 
ferably tlioroughly scoured on flesh and giain. They are 
then sammed and heavily stuffed in the drum. The grain 
is buffed and stained black with log\vood, ammonia and iron 
solution (curriers’ ink). The butts are then dried, std out, 
thinly sized and slowdy dried. 

When dry on the face they are printed or embossed 
by ma; hine to give the characteristic meniel pattern 
aud dried out completely They are then grained lour 
ways. Tlie grain is finished by a coating of linseed oil 
coiitaining resin, and the flesh is whitened, Frencli chalked 
and glassed. 

Shoulders for “ satin " receive a currying whicJi strongly 
resembles the “ waxed " finishes, but the smooth finish is 
on the grain side. The grain is buffed, and blacked, 
dubbined, set and reset, with intermediate drying, and is 
sized aud finished by compositions similar to those used for 
waxed leathers. The flesh is wdiitened. Satin hide and 
satin calf are dressed similarly. 

Shoulders may also be finished for “ levant." After 
soaking, splitting, and shaving to substance, they are 
drum-sumached, machine-sammed, and oiled up to 
dry.. They arc stained with logwood on the grain, and at 
once printed with the typical " levant grain," blacked 
and dried out. They are then softened by machine, 
seasoned with logA^ood and albumen, glazed, grained and 
oiled lightly with mineral oil. It will be observed that 
stuffing is omitted. 

Bellies may be dressed for linings. After spaking and. 
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splitting to the required substance, they are pleached in a 
weak and warm solution of oxalic acid, and drum-sum achiilF 
at 110° F. After slicking well out they are hand-stuffed on 
the grain witli dubbin and water, or merely oiled, and hung 
up to samm. They are then set-out flesh and grain. If 
the grain be coarse, it is buffed and reset. After (ftyiiag 
out the flesli is Huffed and the grain dusted wifli French 
chalk. , 

In this section may be conveniently discussed the 
manufacture of legging leather. Whilst in many respects^ 
a typical dressing leather there 'are some rather important 
differences from the average upi)er leather. Broadly 
S])eaking, the differences are that legging leather needs a 
smooth grain, greater firmness and more thorough tannage 
on account of the absence of stulling. 

The liming and bating are somewhat similar to dressing 
leather, though a shorter liming with sulphides and a 
milder bating would be in order. The tannage is mellow, 
but not so much as is usual for upper leather. Thus gambier 
is used, but more valonia and myrabs are employed, and 
the liquors may be strengthened with chestnut and que- 
bracho extracts. The hides are rounded before tanning 
into long butts or backs, and the tannage is commenced in 
suspenders (i8°-4o''), which are kept acid by the addition of 
lactic or acetic acid, in order to obtain the required firmness ; 
the goods arc three weeks in these liquors. The backs next 
go through rounds of dusters (40°-5o'^), in which they are put 
down with oak bark and Natal bark. They are six weeks 
in this section, and then pass to tlie layers. Three layers are 
given, first 50'' for one week ; second 55'" for two weeks ; 
and third 60^" for two weeks. The tannage thus takes 
fourteen weeks. 

In tinishing, the goods are soaked and split, *-and then 
scoured flesh and grain. They are heavily sumached, 
slicked out thoroughly, oiled up with linseed oil and dried 
out. They are then next damped back, stoned and flatted. 
After further wetting and tempering they are dressed with 
Irish moss ;4nd tallow on the flesh, and with gum tragacanth 
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on the grain. They are glassed whilst drying out, and then 
sfained twice and glassed again. They are again brushed, 
seasoned and glassed by machine. 


KEFKRKNCE. 

Bennett, " .Manufacture of I.e.ather,” pp. and ^^1-308. 



Section IX.— BAG LEATHER 


Hides <o be tanned for bag leather receive a treatment 
which is little different in fundamental principle from that 
of dressing hides for upper leatl^er, except that the tannago^ 
is usually shorter. Hides for bags and portmanteaux 
represent a t3^pe of dressing leather in which the outstanding 
features are that the goods are split but not rounded. The 
.splitting is done at all stages, according to the requirements 
of the tanner. vSome tanners split ‘‘ green/' i.e. split the 
pelt itself. The advantage of this is that the fleshes may 
then be treated in quite a different way, e.g. pickled or 
given a much cheaper tannage. Other manufacturers split 
after tanning, the advantage being tliat there is much less 
material to handle. The general opinion, however, favours 
a middle course in which the hides are split after being in 
the tan liquors for a short time. The advantage of this 
course is that the hides are easiest to split under these 
conditions— a great consideration — being coloured through 
with tan, just a little plunq^ed, but not hard. A smoother 
flesh is obtained together with more even substance. Here 
again, however, are differences; some tanners prefer to split 
after two days, others after two weeks in tan. Much depends 
upon the nature of the tan and the strength of the liquors. 

For this class of work, flat, spready and evenly grown 
cowhides are obviously the most suitable material, and are 
invariably used. It is important, however, that the grain 
be good, and free from scratches and similar defects. The 
tannage must be sweet and mellow, i.e. contain no acid and 
little astringent tan. Hence m>Tabolans and gambier have 
always been the favourite t aiming materials. A soft and 
mellowtannage is the more important, inasmuch as theleathet 
is not heavily stuffed with grease in finishing. These types 



BAG LEATHER 87 

of method fcr tanning split hides will now be outlined, and 
Itie nature of the currying then indicated. 

Tyfie I.— In this a long mellow liming of 15-16 days is 
given, much like tliat described for harness leather in v^ection 
72, Tyix? 3. Only lime is used, but the liquors are 
nftt allowed to get dirty. The three-pit system is much the 
best. The hides are trimmed at the rounding tables, and 
then bated in hen or pigeon dung for three days at 75^-85'’ F. 
The deliming is commenced by washing in tepid water ixdore 
bating, and is completed by a batli of boric acid, using up 
to 30 lbs. acid per 100 liides as necessary. In tliis and other 
processes for split liides it is essential to obtain all the lime 
out, but to do no plumping with acid. Lactic acid may also 
be used, but it is not so convenient to hit the neutral point 
with it. 

The tannage consists of oak bark and myrabs together 
with gambicr These may be partly replaced by Natal 
bark, valonia, and quebracho respectively. It is sometimes 
desired to liave a smooth finish, but sometimes to work up 
a ■' grain.” In the latter case the hides are first put through 
colouring pits containing fresh leach liquor. In these they 
are constantly handled for a few liours. A little exj^rience 
indicates wdiicli leach liquor will serve the purpose. The 
hides then go through the “ green handlers ” (8°-2o®) in 
two weeks. The liquor is the old forward handler liquor 
made up with gambier. The hides may be sammed and 
split up at this stage, but the heavier goods may be tanned 
further. These heavies and the grains of the split hides 
now’ go through the ” forward handlers ” (2o'^-4o'’) for four 
weeks, and the heaviest goods given tw’O layers (40'') of two 
weeks each, and making ten in all. 

T ype 2. — In this a shorter liming of 8-9 days is given 
with the*help of sulphide. No dung bate is used, but the 
goods are washed with w’ater and bated with ammonium 
chloride and boric acid. The tannage is chiefly of myrabs, 
but some valonia or Natal bark may be used together with 
chestnut extract and some quebracho. Gambier is used in 
the early liquors. The goods are coloured off in drum or 
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paddle and tanned in several sets of handled, viz. green 
handlers (i5°-35°) three or four days ; second handle 
(35°“6 o°) two weeks ; forward handlers (60^-80°) i J weeks ; 
and floaters (8o°-9o^) for three weeks. The tannage is thus 
weeks in all. The arrangement of pits is a matter of local 
convenience, and the number of sets of equal stren^h*is 
determined by the number of hides being tanned. The 
hides are sjdit green or after passing through the green set. 
After tanning tliey arc oiled with cod oil and dried out. 

Type 3 is illustrated by American methods. The^ 
goods are tacked on laths or facks with copper nails in 
order to ensure smooth grain. They are then suspended in 
tan li{[uors. The tannage is largely with gambier and in 
weak liquors, which also help to give smooth grain. The 
tendency is to employ handler rounds involving a rather 
large number of pits, and to work these on the press system. 
Handling is also saved by plumping the liquors instead of 
shifting the goods forward, and by rocking the suspenders 
instead of handling up and down. The hides are split after 
about a month, and the heavier grains laid away in hemlock 
liquors. 

Type 4.-- This is a rapid process througliout. The hides 
are limed in 6-7 days with the help of sulphide, and “ bated 
by washing in warm water and then in cold to which hydro- 
chloric acid is gradually added, ftnishing off again in tepid 
water. The hides are now coloured off in paddles, put 
through a small handler round (ii°-20°) for half a week, and 
then split. The grains are drum tanned in a mixture of 
chestnut and quebracho extract, over a period of about 
three days in which the liquor is strengthened gradually 
from 30"^ to 50°. The fleshes arc drum tanned with the old 
grain liquors after strengthening with quebracho. r 

The split hide grains for bag work, after tamiing, are 
drummed in sumach, rinsed, drained, and oiled up to dry 
out, with some setting out. After wetting back they are 
f^l^ycd if necessary', hand scoured, and heavily sumached 
agEi to get a light even colour. The goods are slicked out, 
oiJecup tQ samm, reset and dried out. They are next 
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stained, sami^ied, printed by machine, dubbined or tallowed, 
‘‘gained (see Part II., Section I., p. 97), brushed and 
rubbed with flannel. 


REFEREiNCi:. 
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Section X,-PICK1NG BAND BUTIU 

It is tlic paradox of vegetable tannage that the less the 
pelt is*tanned the stronger is the leather produced. The 
inaimfaetnre of butts for picking bands affords a good 
illustration. Wliat is required is a leather of maximuq^ 
toughness, pliability and durability. Any factor reducing 
the tensile strength of the leather is fatal. Hence, compared 
with most other tannages, picking band butts are under- 
tanned. To ensure the desired softness and pliability, 
moreover, it is necessary to have a mellow liming, rather 
heavy bating, and a soft mellow tannage in sw'eet and weak 
li([uors. The required durability and the necessity for weak 
liquors both point to oak bark as the most suitable tanning 
material, assisted by some gambier in the early stages. 

A good <iuality hide is chosen, and given a long and 
mellow liming of about 15-16 days. Tlie one-pit system 
may be used, and the hides are put into an old lime for about 
five days with frequent handling and then placed in a new 
lime which is made up in a pit containing about a foot 
depth of the old liquor. After about twelve days another 
i cwt. of lime may be added. 

After unhairing and fleshing the goods are bated in 
pigeon dung for four days at a temperature of about 78° F., 
handling twice on the first and last days. The bating is 
stopped and the deliming completed by paddling with 
, boracic acid {15 lbs. per 100 butts). 

The tannage is commenced by paddling in a spent 
handler liquor (4'’) to which a little gambier has b^en added. 
The butts then go through the first handlers 
which are rounds of ten pits in which the goods are handled 
every day in the first week, and alternate days in the second 
week, and are shifted forward twice a week in the next pit. 
The goods «re therefore in this set for five w'eeks, Gambier is 
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added to the&e liquors as needed. The butts next pass to 
dflster rounds of four pits, in which they are dusted do\\Ti 
in a liquor of 20° for four weeks with 1-2 cud. of oak bark. 
The liquor is obtained from the leaches, and afteru'ards run 
alternately to the leaches and to the first handlers. As 
mftny as six layers are now given of 2o"-23° strength, in 
which the butts are dusted douii with 2-3 cwt. oak bark 
for three weeks. The layer liquors arc received ftpin and 
returned to the leaches, which are made from the " fishings " 
^jom the layers. The tannage lasts, therefore, 27 weeks, of 
whicli 18 weeks (two-thirds) are in layers. 

v^^liorter tannages are now often given, using stronger 
liquors, niucli as in ordinary dres.sing leatlicr. 

The tanned butts are rough dried, and tlien wet in for 
shaving. They are tlioronghly scoured, flesh and grain. 
They are next drummed for three-quarters of an hour in 
sumacli, struck out and hung up to samni. Hand stuffing 
is best , to avoid any tendering owing to high tcm])erature, but 
drum stuffing is also used. After setting out and .stoning 
on the grain they are stufTed with warm cod oil and laid 
awa) in grease for several weeks, re-oiling occasionally. 
Tliey may be stained before stuffing. 


REFERENCE. 
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Part II.-SKINS FOR LIGHT LEATHERS 


Sectkjn I.-PR1N(!IPLE8 AND GENERAL 
METHODS OF LIGHT LEATHER MANU- 
FACTURE 

Tiik t(Tm '‘skin,” like the term “hide,” in its widest sense 
applies to the natural covering for the body of any animal, 
but is generally used with a narrower meaning in which 
it applies only to the covering of the smaller animals. Thus 
we speak of sheep skins, goat skins, seal skins, pig skins, 
deer skins, atid porpoise skins. It is in this sense that it 
will be used in this volume. The treatment of such skins to 
tit them for useful purposes comprises the light leather trade. 
Whilst this branch of the leather industry is certainly 
utilitarian, the artistic element is a great deal more promi- 
nent in it than in the heavy leather branch. Thus the 
light leathers are often dyed and artistically finished, and 
their final purposes (such as fancy goods, upholstery, book- 
binding. slippers, etc.) have rather more of the element of 
luxury tlian of essential utility. The total weight and value 
of the skins prepared, and of the materials used in their 
preparation, are naturally considerably smaller than those 
of the heavy leather trade. In the latter, moreover, one 
has to consider the purpose in view from the very com- 
mencement of manufacture and vary the process accord- 
ingly, but in light leather manufacture one aims rather, in 
the factory, at a type of leather such as inorocc'o leather, 
and only after manufacture is it fitted to such purposes as 
may be particularly suited to the actual result. These 
results dqiend very largely upon,, the “ grain pattern ” 
which is natural to the skin of any one species of animals. 
Hence in Hart II. of this volume it has been found most 
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convenient ti deal with the different classes of skins in 
different sections. Just as the hides of ox and heifer were 
much the most numerous and important of hides, so also 
naturally are sheepskins the most prominent section of the 
raw material of the light leather trade. This is the more 
trut because the skin is valued for its wool as well as for 
its pelt ; indeed, the wool is often considered of primary 
importance, and receives first consideration in fellmoii^ering. 
Unfortunately for the light leather trade, sheepskins, 
though most numerous, do not give the best class of light 
leather, the quality being* easily surpassed in strength, 
beauty and durability by the leather from goat or seal skins. 

In the wet w'ork for the preparation of skins for tannage 
much the same general principles and methods are em- 
bodied as in tlie case of hides, but with ajipropriate modifica- 
tions. As soft leathers are cliiefiy wanted, a mellow liming 
is quite the usual requirement for all skins. It is also 
usual to have a long liming for some skins (like those of 
sheep and seal) have much natural fat w'hich needs the 
saponifying infiuence of lime and lijiclytic action of the 
enzymes of the lime liquors ; u'hilst other skins (like those 
of goat and calf) are very close textured and need the 
plumping action of the lime and a certain solution of inter- 
fibrillar substance. In consequence of the long mellow 
liming, sulphides are not usually necessary, and indeed 
sodium sulphide is not usually desirable, on account of its 
tendency to make the grain harsh. It is used, however, 
for unw'oolling sheep.skins, in such a manner that the grain 
is not touched, vSimilarly caustic soda is seldom required, 
and the yield of pelt by w^eight is usuall}' a small considera- 
tion. Systems of liming show some variety. The one-pit 
systeni is very common, and is less objectionable for a long 
mellow lilting, but rounds of several |)its are also used, 
and in some cases even more than one round. This is 
obviously conducive to regularity of treatment, and as the 
work involved in shifting the goods is much less laborious 
than in the case of hea^^^ ox hides, it would seem a prefer- 
able alternative. The depilation of sheepskinj involves 
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very special methods of treatment (sweating find painting) 
on account of the importance and value of the wool, the 
quality and value of which would be impaired by putting 
the skins through ordinary lime liquors. The pelts, how- 
ever, are limed after unwoolling. 

Ill deliming light leathers the process of pueririg is Sickly 
used (see p. 25). This consists in immersing the skins after 
depilatjon in a warm fermenting infusion of dog-dung. In 
principle tliis disgusting process presents a close analogy with 
bating, and indeed the two terms are both used somewhat 
loosely, but there are neverthelfts several points in which the 
two processes are radically different. The dog-dung puer is 
a process carried out at a higher temperature than the fowl- 
dung bate ; it is also a much quicker process, and the 
infusion employed is generally more concentrated. Whilst 
the fowl-dung bate is always slightly alkaline to phenol 
phthalein the dog-dung puer is always acid to this indicator, 
and the course of the puering may be conveniently followed 
by testing the pelts with it. The mechanism of the two 
processes is also probably somewhat different. The mechan- 
ism of the dog-dung puer has been largely made clear by the 
researches of Wood and others, and been found due partly 
to a deliming action by the amine salts of weak organic 
acids and partly to the action of enzymes from a bacillus 
of the coli class, which received the name of B. erodiens, 
and which effects a solvent action on the interlibrillar 
substance. As we have noted (Part I., Section II., p. 24), 
the fowl-dung bate involves two fermentations, in each of 
wliich (aerobic and anaerobic) several species of bacteria 
are probably active. Wood found the bacteria of the bate 
to be chielly cocci, and ascribed part of the difference in 
mechanism by the nature of the media, which in th^ bate 
includes also the urinary products. In the dogvlung puer, 
also, a lipolytic action is probably an essential part of the 
total effect. The puer gives a much more complete de- 
liniing and a much softer and more relaxed pelt than the 
bate, it is therefore particularly suited to the needs of light 
leather maiuifacture. The puering action has been imitated 
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fairly succesvtully by artificial methods. " Krodin " (Wood, 
Popp and Becker) involves the use of B. erodicns and a suitable 
culture medium including organic deliming salts : “ Oropoii," 
" Pancreol ” and others involve the use of ammonium 
chloride and trypsin, together with some inert matter. 

• L?ght-leather goods are usually drenched after puering. 
They are also often split green after the wet work. Sheep- 
skins thus yield “skivers" (the grain split), whilst the ilesh 
split is often given an oil tannage (see Part IV., Section lU.). 
The greasy nature of sheep and seal .skins neces.sitates the 
jTrocesses of “ degreasing."* In the ca.se of seaLskins this 
is done largely before liming, but with sheej)skins either 
after being struck through with tan, or after tannage is 
complete. Sheepskins arc often preserved in the pelt by 
pickling with sulphuric acid and salt, wliich ])rocess forms a 
temporary leather. The fibres of the pelt are dried in a 
separab condition, but the adsorption is easily reversible 
and the jielts ma\ bo “ depickled " by weak alkalies and 
afterwards given an ordinary vegetable tannage. 

In the vegetable tannage of skins for light leathers, the 
sani ' theoretical considerations have force as in the heavy- 
leather section, but the former has its own rather special 
requirements and aims. Generally speaking, a softer and 
more flexible leather is required, but these qualities must 
not be imparted by stufling’ with grease as in the currying 
of dressing leather, because a bright and grease-free result 
is usually required. Hence it is important that a sweet 
mellow tannage be given. The durability of the leather is 
also a primary consideration for goods intended for book- 
binding, upholstery, etc., and the tannage must be arranged 
to impart tliis quality and avoid anything tending to cause 
the perishing of the fibre. Thus oak bark is a popular tanning 
material, ^d sulphuric acid very definitely avoided. The 
tannage must be fast, and take the dyestuffs well, and for 
the production of light shades of colour in dyeing must be 
a light-coloured tannage. All these qualities are imparted 
by sumach, which als<T fits in excellently with the other 
general requirements, such as softness, brightness and 
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durability. Hence sumach is the principaMiglit-leather 
tanning material, but the tendency is to employ other 
materials —oak bark, myrabs. and chestnut extract— to do 
much of the intermediate tanning, so that the expensive 
and useful sumach may be used for setting the colour and 
grain at the commencement, and for brightening, bleaching 
and mordanting the leather at the end of the tanning process. 
Weighty is generally no consideration, but area is often a 
definite aim, partly because some goods are sold by area 
and partly because the striking out, .setting out and similar 
operations improve the quality of the leather by giving 
evenness of finish. Leather well struck out, moreover, is 
less liable to go out of shape. As the grain pattern is so 
important in the finished leather, appropriate care must be 
taken during tannage. If a smooth or a fine grain finish 
is wanted, for example, the goods must not be allowed to get 
wrinkled, creased, doubled or unduly bent to and fro 
during the tanning. For such goods, suspension, careful 
handling and even the “ bag tannage " may be desirable, 
whilst for coarser and larger grains paddles or drums may 
be more extensively used. 

Amongst the linishing processes dyeing holds an im- 
portant position. The nature of the process has many 
points of similarity with that of tanning. The great specific 
surface of pelt is probably more enhanced than otherwise 
during tannage, at any rate with light leathers, owing to 
the isolation of fibres, and consequently leather is as liable 
as pelt to exhibit adsoqition. The dyestuffs, on the other 
hand, are substances very easily adsorbed. Some (like 
eosin and methylene blue) are crystalloids, some (like 
fuchsia and methyl violet) are semi-colloids, whilst others 
(like Congo red and night blue) are undoubted colloids 
forming sols (usually eniulsoid) with water as dispersion 
medium. The crystalloids and semi-colloids may also be 
obtained in colloidal solution, sometimes being so changed 
on the mere addition of salts to the solution. In addition, 
the pelt has been mordanted with tannin. If, however, 
leather has been kept long in the rough-tanned or “ crust " 
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stale, this i/iay not be so elTective, owini; ])robably to the 
seoonclary changes in tanning (Tart I., vSectioii III,, |>. 
but such leathers are usually “ rotanned " or j)repaie<l for 
(Iveiiig by suniacliing (which process also incidiaitally 
bleaches). The tannin mordant assists materially in the 
lixfttioii oi the dyes. In the case of basic d> estuiTs. lakes 
also are formed, i.c. there is a mutual juecipilation of 
oppositely eluirged colloids ( i dyi-, -- tannin). 'I'lie dyeing 
f)t leather is thus a case of eolloid reactions eNaai more com- 
])ljcated than that of tanning. 

Another linishing oj)eTati<)n t^pieal of the light leathers 
is “graining or " hoarding." In thi.s the skins aftm dNcing 
and ilrying are worked b\' aboard which is covered by cork, 
rul)ber. ])erforated tin or other m.iterial, and so grips or 
“ bites' the leather. The object of “ graining ’’ is to work 
up the griiin ])attern by puslnng or jnilling a fold on the 
skin wit . the board. The nature of the grain varies with 
the th.'ckness and the liardness of th<' skin, with the amount 
of pressiue ,i]i])lied, with the nature of the board, with the 
dire'dion oi the boarding and with the total numl)er of 
direc'i uis Ijoarded. There is thus inlinite scope for variety 
of liiiish, and hence aris(‘ bold grain, line grain, hard 
grain, straight grain, cross grain, long grain, etc. The 
0])cration recpiires considerable skill and ex])erien('e. In 
the case of skins with little ’natural grain (such as sheep- 
skin) embossing and pr'inting machines iriij)ress the desired 
pattern. 

In .seasorring, a dre.ssirrg is applied containing essentially 
albumirrs and ernulsilied fats. c.g. egg albumin and milk. 
Colouring matters are also often added to intensify or 
modify the shade. After seasoning the goorls are usually 
“ glared ’ by a machine which rubs the .seasoned grain with 
considerabie prc.ssure, by a glass or hardwood tool, and so 
produces a high glo.ss, for which the .sea.soning is very largely 
a preparation. Light leathers are very lightly oiled with 
linseed or mineral oil. 
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Skctio.n II.— (JOATSKINS 


Goatskins are aiiionj^st the most valued raw material for 
the mamifactiuc of light leather. The leather obtained 
from them is of the very hnest quality in respect to dura- 
bility and adaptability to tiie prinei])al purposes in view. 
The texture of tlie fibres in goatskin is exceedingly compact 
and very strong, whilst the grain exhibits naturally a 
characteristic pattern which renders it most suitable for a 
grained finish. Hence for purposes like upholstery, book- 
binding, slippers, it forms almost an ideal material. The 
tanning snd fini.shing of goatskins into “ morocco leather ” 
may indeed be taken as a (piite typical example of light 
leatlier manufacture. 

'•'he skins are detained from all (piarters of the globe 
whcK* goats exist, and the excellent (juality of the leather 
produced has created a demand which is greater than the 
su})ply. This is due not only to the demand for morocco 
leatlier, but also to the popularity of the goat.skin chrome 
upper leathers such as “ glace kid ” (see Part III., Section IV.). 
The large American trade in the latter has produced the 
saying that wherever there is a goat there is an American 
waiting for it to die ! The Ivuropean sujipl}’ of skins is 
somewhat limited. They are obtained from the Balkans 
and Bavaria, in which case they are small, tine-grained and 
plump skins. The Swiss goatskins are larger, and have 
also ^ fine grain ; they arc well grown and well flayed. 
Scandinavian skins have a poor reputation, l>cing very flat. 
The African supply is important ; Abyssinian skins are 
exceedingly compact and tough, and arc very suitable for 
“ bold grain ” finishes. The Cape skins are particularly 
large, strong and thick, but their quality is often impaired 
by the cure, the skins being flint-dry, and, likj hides so 
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cured, prone to unsoundness. Large quantities of goat- 
skins also come from the East. Many of these are imported 
in a tanned state (E.I. Goat). These skins are tanned with 
turwar bark, which contains a catechol tannin. They are 
also heavily oiled with sesame oil, and need degreasing. 
The tannage is also stripped as far as practicable, and 4.hc 
skins rctaiined with sumacli before llnisliing. They make 
good i^iorocco leathers for many purposes, but the primary 
catechol tannage renders them ineligible for llnishiiig under 
the S])ecifications of the Committee of the vSociety of Arts. 
The skins have a Persian of Indian origin. India also 
supplies a large number of raw dried goatskins which arc 
small and of variable quality. These, however, are more 
extensively used for chrome U[)pers. 

(lOatskins are imported in either a salted or a dried 
condition. The great aim of soaking is to obtain tlic skins 
in a thoroughly soft condition. Hence the soaking is 
])rolonged, and some mechanical treatment is desirable in 
addition to various steepings in water. To be certain of 
softness it is desirable to avoid the use of alkalies in the 
soak waiters, for all hough they cause hydration of the iibres 
by imbibition, they also have a plumping effect which is 
not wanted at tliis stage. Salted goat.skins are first im- 
mersed in water and left until the following day. This 
dissolvTS the salt. They are then stretched and given a 
fresh soak liquor of water only to soften further, clean, and 
remove the rest of the salt. This second water lasts only a 
few hours, and the goods are then drummed well in running 
water. This not only cleans quickly, but has an excellent 
softening effect. They are again returned to a soak liquor, 
then softened mechanically by working them over a beam. 
This treatment must be repeated, drumming again if neces- 
sary, until the skins are perfectly relaxed and thoroughly 
softened. If the treatment be very prolonged it becomes 
advisable to use antiseptics in the soak waters after the 
fust drumming. Solubilized (or emulsified) cresols of the 
“ jeyes fluid” type are the most ‘suitable antiseptics, but 
too much must not be used or the sterilization affects the 
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liming, in whic h bacterial action is needed. Flint-dry skins 
are left longer in the first soak, which should be of water 
only. They are then given a fresh soak liquor containing 
0 2 per cent, of sodium sulphide. vSometimes a ro per cent, 
solutj^on of borax is used instead ; it softens excellently, is 
anfiseptic, and avoids the plunijiing effect, but is rather 
expensive. Tlie goods are next drummed well, and re- 
.soaked and worked as for salted skins. In either cr.;e the 
soaking takes about a week. 

The liming of goatskins presents some points of contrast 
-with the methods used for otlier skins. These differences 
are due to the exceedingly tight and compact nature of the 
skin fibres. This compactne.ss of texture makes it (iuite 
necessary to dissolve the interfibrillar substance to a greater 
extent than usual, and also to ]>lump tlu' fibres and sjilit 
them into the constituent fibrils. These effects are essential 
to obtain a rapid and complete tannage and a soft leather. 
Too much bacterial action shcnild be avoided, however, or 
the brightness and soundness of the grain may be impaired, 
which would be a fatal defect in such a leathcT. Hence the 
liming is long ratlier than mellow, and shar]> limes rather 
similar to those required for sole leather are often used. 
Another result of the tight texture of goatskin is that 
depilation is not easily effected. This feature is rather 
intensified by the deepness *of the hair-root. Hence it is 
usual to employ sulphides to assist the depilation. In one 
method two rounds of live pits are used. The skins are 
given about two days in each pit, so that the liming lasts 
aiiproximately three weeks. In the first round, which 
consists of rather mellow limes, arsenic sulphide is used to 
assist depilation. Up to 6 per cent, on the weight of lime 
is added during slaking. This is a comparatively large 
amount of'arsenic sulphide, and the depilation is consider- 
ably hastened ; the skins indeed are imhaired after passing 
through this round, i.e. after about lo days’ liming. In the 
next round the object is plumping, and caustic soda (or 
carbonate) is added to the lime liquors in quantities com- 
parable to those suggested for sole leather (Part I., Section V., 
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pp. 55, 56). In this round the goods stay also for about 
10 days. An alternative to the above process is to hasten 
the earlier part of the liming b}' emplo3'ing sodium sulpliide 
instead of realgar. More sulphydrate may be obtained in 
solution in this way, and the unhairing may be in about 
half the time. The sulphide of soda also commences 'the 
plumping action whicli follows in the next round, but this 
alteruiitivc has the disadvantage that the skins are un- 
haired whilst the pelt is swollen with sulphide, which renders 
the grain both harsh and tender and consequently nn^^e 
liable to damage by the unhairer's knife, 

Delinhng is by puering and drenching, and is often 
associated witli a further mechanical working of the goods. 
The skins are inserted into a puer li(|uor at 85*^ F. and 
thoroughly pulled down. The caustic alkalies should be 
completely neutralized. A slight cut into a thick part at 
the butt end should develop no ])ink colour with phenol 
phthalein. The skins should be thoroughly relaxed, and 
the swelling so imicli eliminated that they are ({uite soft, 
weak and “ fallen,'’ The resilience and elasticity of the 
[)lumj)ed skins should have ([uite (lisap])eared, and the 
impressions of hand or tliiimb .should be readily retained 
by the pelt. The grain should ap[)ear white and possess 
a soft and silky feel. In this condition they are again 
worked over the beam to soften further if possible. They 
are then rinsed and again worked over the beam. Drenching 
follows with 10 per cent, of bran on the pelt weight, the 
operation commencing at 85'^ to 95*' F., and lasting till next 
morning. The skins are next scudded thoroughly to remove 
all dirt, but carefully so as not to damage the grain. 

In tanning, sumach and oak bark are the staple materials. 
Sumach gives a much lighter colour, and hence it is used alone 
for goods that are to be dyed the lighter shades, but oak 
bark is a “ faster ” tannage and more preferable for dyeing 
in those cases where blacks and very dark shades are 
wanted. For ordinary purposes a blend is usually employed. 
A feature of oak bark, also, is that it tends to make a firmer 
leather, so that the proportion ased must be adjusted with 
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this fact in mind as well as the question of colour. For 
firmer moroccos the skins may pass through a handler 
round of oak-bark liquors (io"-2o°) in which a certain 
amount of sumach is added to the liciuors. The sumach is 
leac^^ed and assists both in tanning and bleaching as the 
liquor works through the round. The old li([uor is run to 
a paddle, and the tannage is commenced by paddling the 
drenched skins in this liquor. It is advantageous both for 
the tannage and for the efficient “ spending ” of the sumach 
if this liquor be .slightly warmed. In the early pit liquors 
the goods are very frequently handled. There is, how- 
ever. the usual tendency of the times to save labour in this 
direction, and hence it is common to have several ))addles 
with liquors of gradually increasing strength, followed by a 
shorter round of liandlers in which the handling is more 
infrequent. Instead of })addlcs latticed drums may be 
inserted into pits containing liquors. These, however, are 
not quite so convenient. In some tanneries, especially 
where sumach only is employed, the tannage is in paddles 
thioughout. A new liquor is made up with fresh sumach 
and is u.sed repeatedly until exhausted. A three-paddle 
system sometimes obtains, in which case the operation 
closely resembles the three-pit system of liming (Part I., 
Section II., p. rq), and the skins pass through an “old" 
liquor, a “medium" liquor and a “fresh" liquor. The 
goods need not be i)addled the whole day through, and 
indeed in the later stages this is undesirable. The packs 
remain several days in each liquor and take up to 14 days 
to tan. Two to three bags of sumach are needed for about 
20 dozen goatskins. This method of tanning is efficient and 
convenient for bold-grain finishes, on account of the constant 
tumbling and bending of the skins which tends to work up 
a grain.® For very soft leathers and fine-grain finishes, 
however, the “ bag-tannage " or “ bottle tannage " is 
favoured. In this method the pelt is stitched up by machine 
to form a bag, grain outwards, leaving a “ neck " in the 
hind shank. The bag is nearly filled with a fairly strong 
infusion of sumach, inflated with air and tied u^ at the neck. . 
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The bags are then placed into a vat of warm sumach liquor, 
in which they just float. The bags are pushed down and 
the li([Uor stirred up, so that the goods are in constant 
motion. After a few hours they are piled on a rack, and 
the tan li([uor of the interior is caused to diffuse through 
the skins by the ])ressure due to the weight of the pK-e. 
The bags are refilled with fresh and stronger sumach liquor 
and the ])rocess is repeated. The skins are thus lightly 
but effectively tanned in about 24 liours, and the leather 
has very fine grain and soft feel. However tanned the skins 
are dried out after tanning, alid sorted in the “ crust 
according to si/e and colour. The larger skins are j^referred 
for upholstery and the smaller for fancy goods and book- 
binding, 

To illustrate the course of finishing operations, the case 
of hard-grain morocco for bookbinding may be given as 
typical. The goods are wet back with warm water and 
drummed for 12 hours in warm sumac to prepare for 
dyeing. The\- are then struck out ])y macliine, sammed 
and sliaved. Dyeing follows, with acid colours, in a drum. 
The goods are run first in a little water and the dyestuff 
added very gradually through a hollow axle. The acid 
required (iireferabl}' formic) is added later to develop the 
full shade. Warm solutions are used, and the d} e bath is 
practically exhausted. The goods are next placed in cold 
water to wash superiluous liquor and free the skins from 
acid. They are then horsed to drain, struck out and hung 
up to samni. They are seasoned with milk and w'ater and 
piled to temper. The\' are “ tooth rolled ” in the glazing 
machine two ways : right liand shank to left fore shank and 
vice vcf'sii, and piled again. After wetting back again they 
are “ wet grained ” by hand with a cork board in four 
directions : belly to belly, shank to shank, and across as 
before, and linally from neck to butt. They are immediately 
hung up in a warm shed to dry, and to fix the grain. They 
are then softened by “ breaking down with a rubber board, 
top seasoned, piled to temper and dry," brushed lightly, piled 
again, brushed more heavily, and dried out. They are 
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lirially softened by graining; in three directions : shank to 
shank and across, and neck to butt. They are then brushed 
again. If these skins are wanted for upholstery they are 
shaved after dyeing, and naihal on boards to saniin. They 
are also dried out in a cooler shed or “ stove,” to ensure 
softness. 
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SkctionJII.-SEALSKINS 

A SPKCiAi, class of morocco leather is manufactured from 
the skins of seals. This should not be confused with the 
“ sealskin ” of popular parlance, which is manufactured 
from the skin of a different*’ animal. All the lin-footed 
maniinals (Pinnipedia), except the walrus, arc termed seals, 
but they are divided into two families. The OtariidcB are 
known by their ])ossession of small but distinct external 
ear.s : into this class fall the fur-.seals whose .skin is dressed 
with the fur on, for women’s jackets, mufis and caps. The 
Phocidd' are that family without external ears : the skins 
of many species (Phocc Gnrnlandica, Phoco harhala, etc.) of 
this family are unhaired and j^iven a vegetable tannage, 
thus forming the raw material of sealskin morocco leather. 
It is with the latter that this section will deal. 

As the seal is a marine animal and is partial to the 
colder seas, its skin is very oily. The skins are imported 
in a salted condition from both the Arctic and Antarctic 
regions, North hhirope, North America and Newfoundland 
supply many skins, and the .southern material is supplied 
chielly through the Cape. Sealskin shares with goatskin 
the properties of compact texture, strength of fibre, and 
great durability, all of which fit it for the manufacture of 
moroccos for upholstery, bookbinding, etc. It is, however, 
readily distinguishable from goatskin by its characteristic 
grain pattern. 

In soaking sealskins the object is not only to soften 
thoroughly, but also to effect the recovery of as much seal 
oil as possible before the liming commences. This is 
desired because the oil is in itself a valuable bye-product, 
and because its removal is essentiaf ’io a. satisfactory liming 
and tannpge. The removal of the oil is materially assisted 
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by raising its temperature, so that the soaking of sealskins 
is often done with warm water (85°~88° F.), after whinix 
treatment they are laid over the beam and scraped with a 
blunt knife on both flesh and grain. The oil flows away 
into^a special receptacle. This treatment is repeated until 
tlfe bulk of loose oil is removed. The process is known as 
blubbering ” or “ brushing over.'’ After some soaking 
the skins arc drummed to ensure softness. The sI^mis are 
then fleshed. More oil may be obtained from the llesbings. 

By fleshing before liming a more regular action of the 
lime is obtained. This is necessary to “ kill " the grease 
still remaining in the skin. A long and mellow liming is 
given for the same reason, h'ully three weeks arc given, 
and old limes are much ])referred, ])artly to obtain the 
maximum lipolytic action and ])artly to avoid tlie intense 
ribV)ing of the pelt which new limes so easily im])art to the 
older animals. The.se ribs are very dilTicnlt to eliminate in 
the subsequent work. vSome factories And it necessary to 
llnisli up in new limes, however, in order to plump and split 
the compact fibre bundles into their com])onent fibrils. 
The plum])ed pelt is also easier to s])lit green. No snl])hides 
are usually employed, vSweating (.see vSection R’., p. J13) is 
sometimes used for depilation, and in this ca.se the ribbing 
of the pelt does not take ]>lace. 

The ])uering is unusually thorougli with sealskins. This 
is to obtain the maximum softness and take full advantage 
of the lipolytic action. The puer liquor is fully q5^ F., and 
the skins are paddled for about tliree hours, or until fully 
pulled down and completely delimed. Scudding follows, 
now usually by machine. The skins are then well drenched. 
The action is intensified by the use of peamcal in addition 
to tjie bran. About 10 per cent, of the mixture on the weight 
of pelt is* used. It is customary, however, to drench at a 
lower temperature (68°~70°) than in the case of goatskins 
(Section II., p. 102), but the goods are left in the drench 
overnight only, as is usual in drenching. It is quite possible 
that drenches worked differently may have also a somewhat 
different fermentation and be due to other organisms than 
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the symbiotic bacteria discovered by Wood. It is equally 
pi^ssible that the acids produced are also different, in relative 
proportion, if not in nature, and that consequently there is 
a real difference in the practical effect. In the Author s 
opinion, the great probability is that in the drench are several 
fermentations, and that if the action be reduced by lowering 
the temperature, but intensified by adding peamcal to the 
bran, spine of these fermentations are encouraged at the 
expense of others. 

The tannage of sealskins depends upon the size of the 
skins, the purpose for which they are intended, and whether 
they have been split or not in the limed state. The largest 
and coarsest skins intended for boot uppers, and those 
which have been heavily scratched on the grain and are 
only suitable for enamels, are given a tannage which may 
last about 5 weeks. The liquors are made from oak bark 
and mimosa V)ark, and are made up to 33"' with gambicr and 
po.ssibly m} rabolans extract. I'or fancy work also heavy 
skins are used, but a softer tannage is needed. If for blacks 
the tannage is with gambier and chestnut extract. Two 
sets of handlers are given (io‘-i5“ and I5''~20°), using 
only gambier in the green sets. They are well sumached 
after tanning to bleach and to mordant. If for colours, 
only sumach and oak bark are employed. The skins are 
first paddled for 3-4 days in sumach liquors, in which they 
are coloured through. The liquors may be warmed ; this 
quickens the tannage and also leaches the .sumach. The 
skins are then split, and the grains pass through a handler 
set with li([nors made from oak bark (8'^-24''). The skins 
are in this set for 3 weeks, in the first half of which they 
are very frequently handled. They are finished off by 
paddling for 1 or 2 days in a fresh liquor containing much 
sumach, which mordants the skins and bleaches the bark 
tannage. The flesh splits are given a drum tannage in 
chestnut and quebracho extracts. If small skins are being 
tanned for bookbinding purposes, sumach only is employed, 
and usually the tannage is entirely iiTpuddles. 

In finishing many types of grain may be obtained, in 



SEALSKINS 


109 

blacks and in colours. The linisliing of “ black levant ” may, 
however, be selected as a typical case. The skins are soaked 
back, tempered, and either split or shaved, according to 
their substance and the size of grain wanted. The thin 
skin^ of course give the fine grains. Mixed tannages need 
schilling and possibly suinaching The skins are then 
oiled up with linseed oil, sammed, set out and blacked. 
In this last operation the grain is brii.shed over with a solu- 
tion of logwood and ammonia, and afterwards with tl’e iron 
mordant which often contains glue. They are next hung 
uj) for a while and then “ wet grained in four directions— 
belly to bell)', shank to shank, across, and neck to butt. 
After hanging up in a hot stove to set the grain, they are 
cooled. Huffed on the llesh, and seasoned on the grain with 
a solution of milk and blood. A little black dyestuff may 
be added to the season. The season is well brushed iii. the 
skins diied somewhat, and then glazed. They arc then 
grained four ways again as above, dried out in the stove, 
and lightly oiled with warm linseed oil on the grain. 
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Section IV.-SHEEPSKINS 


The most numerous class of skins for light leathers is from 
the common sheep. These skins have particular value 
inasmuch as they include the wool as well as the pelt. This 
wool, wliich is actually the most valuable part of the sheep’s 
skin, is the raw material of our woollen industries, and is 
one of the most important of animal proteids. We have, 
therefore, in this section to consider this dual value of sheep- 
skins, the proteid of the epidermis (w'ool), and the proteid 
of the dermis (pelt) ; one the raw material of the woollen 
industry, the otlier the princi])al raw material of the light 
leather trade. The first problem is to separate the two 
liroteids. With other skins and hides the ordinary liming 
proces.ses were sullicient and appro])riate, but in the case 
of sheepskins the method is unsuitable, because the exposure 
of the wool to the action of caustic lime and possibly other 
alkalies would seriously impair its quality and reduce its 
commercial value. Hence this sq^aration of wool from 
pelt is usually quite a separate business, viz. that of the 
" felhnongor,” whose occupation it is to collect the sheep- 
skins from butchers and fanners, to separate the two im- 
portant constituent proteids, and to hand the wool in one 
direction to the “ wool stapler,” who sorts it according to 
quality, and to hand the pelt in another direction to the 
light leather tanner, who tans and finishes the pelt to lit 
it for light upper w'ork, fancy goods, etc. 

In the first instance, therefore, we have to consider the 
work of the fellmonger, the separation of w'ool ^and pelt. 
In this work the wool receives first consideration, and the 
raw material of the fellmonger is usually classified accord- 
ingly into long wools,” ” short wools,” and ” mountain 
breeds.” The skins vary very largely quality of wool 
and in qualit}^ of pelt, being influenced very strongly by 
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the conditions under which the sheep lived, and by the 
precise breed of animal from which the skin has been take* 
As in the case of hides (Part L, Section I., p, 8), animals 
exposed to extremes of weather develop the best pelts, 
whereas those sheep which have been carefully bred and 
reared for the sake of their wool yield a thin and poor 
class of pelt. In Britain, and more especially in England, 
arc reared the finest and most valuable sheep. This is 
evident from the prices paid for them by foreigners and 
colonial breeders when seeking new blood for their docks 
and fresh stock for their laiTds. As much as looo guineas 
have been paid by an Argentine linn for a single Eincoln 
ram. 

Long wools are obtained from some of the best and most 
extensively bred animals. The “ Cotswolds " arc the largest, 
and i)robably the original breed of Lhigland arc still found 
on the Cotswold Hills. They imve long wool, white fleeces, 
white faces, and white legs, and have no horns. The wool 
is fine, but the pelts are particularly greasy, especially along 
the back. A later breed originating in the Midlands was 
called the “ Leicester ” long wool. This breed gives a great 
cut of wool and much coarse mutton. It is very extensively 
distributed in the North of England and has been much 
crossed, so that many sub-breeds are now well known, e.g. 
the “ Border Leicester ’’-—the general utility sheep of 
Scotland — and the “ Yorkshire Leicester ” or “ Mashams,” 
much bred in VV^ensIeydale. “ Lincolns " are another long 
wool found only on the Lincolnshire Wolds. They also 
have while faces and shanks and yield a large pelt with fine 
grain. They give a big crop of wool. “ Devons ” are a 
smaller breed common in Somerset, Devon and Cornwall. 
The \4 yield a fairly long wool of great strength, but not quite 
white. Rtimney Marsh sheep (“ Kents ”) are also long 
wools. They have white legs, wliite faces, a tuft of wool 
on the head, and no horns. The pelt is large and good. 

“ Roscommons ” are an Irish cross breed with much Leicester 
blood. They yiel^ .. iong wool and a spready pelt. 

Short wools are typified by .the “ Down ” she^p. These 
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sheep are extensively bred on the chalk lands which comprise 
%vcry large percentage of the southern counties of England. 
The “ vSouth Downs " are the best and most important, the 
breed being the general utility sheep of England. They 
are small but well-sliaped animals with grey faces, no horns 
and line close wool. The pelt is only fair, but the nuittoft is 
excellent and ])rovides the meat sold in our best shops. 
This l^eed has largely stocked New Zealand. The “ South 
Down ” is a soniew'hat delicate animal, and has therefore 
been largel\' crossed with Cotswolds and other bree,(^s. 
Many well-known cross-breeds' are found in the eastern and 
southern counties. Tlie “ Suffolks,” for example, are found 
in the eastern counties. They have black heads, faces and 
legs. “Oxfords” and “ Ilampshires ” are similar, but 
largcT. “ Shropshires ” are another hardy cross-breed, 
which \ ield a heavier lleece. All the cross-breeds are larger 
than the South Down and yield bigger [)elt.s. 

Mountain breeds yield wool of varying quality but give 
the best pelts. The “ Cheviots ’’—much favoured by the 
Scotch farmers— have a wool of medium length but with 
much hair in it. They have white faces and legs and no 
horns, and yield excellent pelts. The “ Black- faced Mountain 
Sheep ” have longer wool but coarse, and }'ield good pelts. 
They are kej)t in the hilly parts of North England and in the 
Scottish Highlands. “ bonks ” > ield a large and good pelt, 
but very coarse wool. T'he mutton is good. They are a very 
large breed with much curved horns and black faces. There 
are also some small breeds, “soft wools,” “ Shetlands,” 
and “ Welsh Mountain Sheep.” The wool of th/? last two 
is poor, but the Welsh pelts are valued for their line grain. 
There are large numbers of sheepskins also imported, from 
South and Central America, and from Australia, New 
Zealand and the Cape. The colonies, however, have often 
done their own fcllmongering, and we have imported pickled 
pelts. They now tan the skins also, and many tanned sheep- 
skins are now imported. There are also many Indian skins 
imported after tannage with turwa5b"dsfirk (cp. E.I. Goat, 
Section p. loo). 
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The depilatioii is brought about by sweating " (or 
“staling") and by “painting." The immediate object^ 
both these types of method is to avoid using anything which 
will affect the wool. The sweating process is the most 
ancient method of unhairing and is used in America for 
hides as well as sheepskins. It consists of a more or less 
regulated putrefaction. The loosening of hair or wool has 
long been accepted as evidence that ])utrefaction ha 1 com- 
menced in a hide or skin, and it is the aim of the sweating 
process to stop the action at that stage, before any damage 
has been done to the pelt.* This aim is achieved rather 
imperfectly by sus[)ending the goods in closed chambers 
and regulating the tem])erature and humidity by means 
of steam and water. vSucli chambers are known as “ swx^at 
])its " or “ tainting .stoves." In the case of sheepskins the 
“ warm-sweat " system is generally ii.sed, and the operation 
is carried out at F. A satisfactory \ ield of w'ool is 

obtained in good condition, but the ])elt is very liable to 
suffer bacterial damage and show “ weak grain." The skins 
are lirst cleaned by a few “ soaks " in clean fresh water, 
with intermediate help from a “ burring machine " which 
presents a rapidly revolving .set of spiral blades to the wool, 
and in the presence of a good stream of water quickly 
removes all dirt from the wool. Tlie skins then enter the 
tainting stove, and the operation is commenced by a slight 
injection of live steam. In summer, about a week is 
sufficient to loosen the hair, but in w inter up to tw^o weeks 
may be necessary. Tittle control of the proce.ss is possible, 
and all t^at can be done is to watch the goods carefully 
near the end of the operation. Jn one variety of this 
method of unwoolling the skins are painted on the flesh 
side jvith a creamy mixture of lime and water and piled for 
a day or two until the pelt is distinctly plumped. They are 
then washed with fresh water to remove the exce.ss of lime, 
drained, and then enter the tainting stove. By this method 
the pelts are obtained in better condition and are less liable 
to damage by lo(^'^" iXcess of putrefaction. In unwoolling 
the skins are placed over a beam and the true wo^il is pulled 
E. 8 
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out by hand. The wool is graded as it is pulled and different 
f^ualities kept separate : ewe wool, lamb wool, hog wool, etc. 
The hair is next removed from face and shanks by means 
of a blunt “ rubbing knife,” and the pelt then immersed in 
water. 

In the other method of depilation, by painting, advantage 
is taken of the loose texture of the sheepskin fibre and of 
the fact that the wool root is nearly halfway through the 
skin. The flesh side of the clean skin is painted with a 
creamy mixture of lime in a strong solution of sodium 
sulphide (14° -24® Beaume). Care is taken to keep the 
depilatant off the wool. The skins are folded flesh to flesh 
and left for a few hours or until next day before unwoolling, 
according to the strength of the sulphide solution. The 
depilatory action is entirely chemical, being due to the 
solvent action of the sulphide on the hair root. The lime 
is sometimes omitted. After pulling, the skins are opened 
up and washed in fresh water. 

The various classes of wool are sold to the wool-stapler 
and so to the woollen industry. As this is a mechanical 
rather than chemical industry, its discussion is beyond the 
sco^ie of this volume. However unwoolled, the pelt still 
needs further treatment by the fellmonger. It needs 
liming and unhairing. This is done in the ordinary way in 
pits of milk of lime, through which the goods pass from 
old to new limes in the course of about a week. This 
plumps the fibres, separates the fibrils and kills the grease. 
Paddles are used also to save handling. Shearlings are 
sometimes limed 9-14 days and uiuvoolled witho^. sweating 
or painting. After liming the skins are unhaired and fleshed, 
and placed in clean strong limes until sold to the tanner. 

Sheepskin pelts are sometimes preserved by pickling. 
This consists in placing them first in a solution of sulphuric 
acid (about J per cent.) together with some common salt. 
The pelts swell up and imbibe the acid solution. They 
are then placed in saturated brine, which causes a very 
complete repression of the swelling, they^ijjs being apparently 
leathered.. In this condition or partly dried out they may 
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be kept for 5' ears. The forces at work in this phenomenon 
are somewhat complex (see Part V., Section L, p. 200fr 
The skins may be depickled by paddling in a 10 per cent, 
salt solution to which weak alkalies such as borax, whitening, 
carbonate and bicarbonate of soda, etc., have been added. 

•The leather manufacturer classifies sheepskins according 
to the size of the pelts. The large skins are tanned for light 
upper leathers and similar work. These are called “ basils." 
Many large skins are also split green into " skivers," vvhich 
after vegetable tannage are finished for fanc)' goods, book- 
binding, etc. The fleshes are often oil-tanned for chamois 
leather (Part IV., vSection III., p. 181). Medium-sized skins 
such as are obtained from the Down sheej) are tanned for 
" roans," and finished as a kind of morocco leather. vSniall 
skins are mostly " tawed " (Part IV., Section L, p. 174) 
for glove leathers, but some are made into roller leather by 
vegetable tannage. 

Basils, which represent the heaviest sheepskin work, 
are tanned and finished in the following manner. The 
lime 1 pelts arc first bated lightly at about 80'^ F. for two 
days, budded and drenched. They are sometimes puered, 
but more often merely delinied with organic acids. In this 
last case they are first paddled in warm water to remove 
excess of lime, and a mixture of organic acids is very slowl}^ 
added at definite intervals. When nearly free from caustic 
alkali the skins are removed and drenched overnight. 
There are two types of tannage. The West of Kngland 
tannage is similar to those noted for sealskins when oak 
bark and^mach are employed (Section III., p. io8). There 
is also the tendency to paddle more and handle less, and to 
use the stronger tanning materials such as myrabs, gambier 
and -other extracts. After about 12 hours' tannage in 
paddles they are coloured through, and are then degreased 
by hydraulic pressure. The skins are piled in the press 
with layers of sawdust or bran between them, and the 
pressure applied very slowly. Much grease runs out, for 
the natural sheepoKin contains up to 15 per cent, of oil 
and fat. Degreasing may be postponed till tannage is 
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complete, and the grease can then be extracted by solvents 
^enzine, acetone, etc.). Degreasing after part tannage is 
usually considered preerable, and the skins may be tanned 
out in pit or paddle in about a week. The Scotch tannage 
is with larch bark from Pinus larix, which contains mp to 
13 per cent, of a rather mellow catechol tan. This material 
has also some sugars and yields .sour and plumping liquors. 
The btrsils are paddled in weak liquors for about 

2 days, and when struck through are degreased by h\ draulic 
pressure. They are then soaked back and tanned oui in 
stronger liquors (ii'^-2o''), wliich takes up to one week. 
They are then dried out and sorted in the crust. The 
tinisliing dc])ends of course U])on the i)urpose in view. If 
for linings they are soaked, shaved, sumached, struck out 
well, nailed on boards and dried right out. They are next 
stained with a solution of starch, milk and red dyestuff. 
After drying they are glazed by machine and softened with 
a hand board. For fancy slippers tlie crust skins are starched 
and stained directly, then “ staked " (see Part III., vSection 
11 ., p. 155), fluffed, seasoned and glazed. If intended for 
leggings and gaiters a flesh linish is given. The .skins are 
soaked, stretched, shaved and sumached. They are then 
rinsed, drained, sammed and stained. A brown stain 
mi.xed with linseed jelly is usual. This is spread evenly over 
the flesh and glassed in. The skins are dried out, restained 
if necessary, and staked to raise a nap. Basils for gaiters 
arc dyed in paddle and flulTed over the emery wheel. 

Skivers are split in the limed state and sometimes 
immediately degreased. They are next puered**ht 85° F. 
for about 3 hours in a paddle, and scudded. They are 
drenched at a low temperature P'.). but often 

2 or 3 days. They are again scudded and then ^rinsed and 
sent to tan. The skivers are tanned in a few days by 
sumach liquors working the goods up from mellow to fresh 
as usual. The liquors are warmed. Care must be taken 
that the goods do not tear, A grq^t variety of finish is 
possible, but the “ paste grain skiver^’ for fancy goods 
and the piain fluish for hat leathers are sufliciently typical. 
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For paste grains they are soaked and cleared " for dyeing 
by immersion in very weak sulphuric acid, excess of \vhi<sir 
is carefully washed out with water. Paddle-dyeing follows, 
and is preferred to drum dyeing as the skins are so liable 
to tgar. After being struck out they are “pasted," by 
siyfeading on to the flesh a glue jelly, using first the liand, 
then a stiff brush and linally a cloth. The goods arc then 
dried out. Tliey are then seasoned, partly dried and 
])rinted cross-grain. Thc\ arc next grained two ways 
liglitly ; shank to shank, and across, lightly tooth-rolled 
and glazed. The\' are regrahied two wa\'S as before, dried 
out, and finally softened with a graining board. They arc 
sometimes sized on the grain to fix the pattern and give a 
gloss. For hat leathers the skins are first soaked, sumached 
and struck out. If for white or cream finishes they are now 
lead-bleached. This consists of ])ignient dyeing with lead 
sul])hate. They are immersed alternately in lead acetate 
and in sulphuric aud .solutions until ])reci])itation is suflicient. 
They arc then dyed to shade. If for browns it is common to 
mo'dant with titanium and use basic dyestuffs, jiaddling 
afte.'wards in sumach to fix tlie dye. After d>eing the 
goods are struck out again, starched, and dried out on 
boards. They are again starched and rolled to give the 
plain finish. 

Roans arc not split. ‘They are degreased, puered, 
scudded and drenched overnight at <)5"' 1'. They are tanned 
with sumach usually in jiits, and take rather longer than 
usual to tan. They are finished in much the same style as 
goatskin?^for morocco leather, but as the shce]),skiii has 
little natural grain it needs embossing or printing according 
to the type reipiired. If for “ hard grains," the skins are 
soaki^d, sumached, sea.soncd, dried, glazed and dam])cd 
back for ptinting. This is done by the “ hard grain " roller, 
and the goods are dried out to fix the pattern. They are 
damped back, sammed, and grained in four directions 
(cp. vSection II., p. 10.4), dried out and boarded to soften. If 
for straight grain,*^ uiey are printed mth a straight-grain 
roller, or grained neck to butt. After tooth rolling they are 
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boarded, dried and glazed. They are softened down and 
^aired off in a cool store. 

Roller leather is a special class of sheepskin leather 
which is used to cover the rollers used in cotton spinning. 
The essential requirements are that a smooth plain finish 
should be given, and the leather must not stretch or be 
greasy. For this purpose small sheepskins with a fine 
small grain arc cliosen, such as those obtained from the 
Welsh mountain sheep. The pelts are machine fleshed, 
short haired and often puered, but the deliniing is a]^o 
brought about by organic acidsblso. The pelts are drenched 
ill pits fitted with paddles, which are used to stir up the 
infu.sion occasionally. A thorough scudding is given. For 
the smooth-grain finish it is necessary to tan in weak liquors, 
and to give plenty of time so as to ensure complete pene- 
tration. An oak-bark tannage is preferred, but a little 
extract is usual to assist. The goods are coloured through 
in paddle, like basils, and are then degreased by hydraulic 
pressure. This should be as complete as jicssible, and 
a little heat is used to assist the escape of grease. The 
pressed skins, moreover, must be quite freed from creases, 
and this is attained first by paddling in warm water to 
remove sawdust, and then by drumming in fairly hot water, 
in which they are left overnight. The skins are tanned 
out in suspenders, taking about 3 weeks. The crust skins 
need careful sorting, and are soaked and hand shaved. 
They are sumached in drum, rinsed, struck out, sanimed 
and set. The striking and setting should be thorough in 
order to get rid of stretch. They are next “Ailed'’ by 
coating with linseed jelly or similar material, and dried 
out on boards in a thoroughly stretched condition. Tliey 
are then trimmed, seasoned and rolled with a steel roller. 
They are then staked or perched, fluffed, re-seas(?ned, dried 
and glazed. They are carefully short-haired, glazed again 
and finally ironed. 

E. I. sheepskins are imported in a tanned condition. 
These are soaked back and the flirwar bark tannage 
‘‘ stripped^’ as far as possible by drumming with soda for 
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20-30 minutes at 93° F. : after washing they are “ soured ” 
in weak (i per cent.) sulphuric acid solution, and retann&i 
with sumach paste for an hour, drumming at 100 I'. Ihey 
may then be finished for basils, moroccos or roller leather as 
dcst-ribed above, but are often finished as imitation glace 
ktd. In this case they are drum d>cd, lightly fat- 
liquored (see Part III.. Section IV., p. 163), struck out and 
dried. They are staked by machine, fluffed, scasoi’cd and 
glazed. They may be re staked and rcglazcd if desired. 


KEPliKKNCtS. 

A. SoyiiK'iir Join’s, ” Hu; Sheep and its Skin. 
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SECTION V.— (CALFSKINS 

CAr<FSK^NvS arc the raw material for many classes of leather. 
The term itself is rather broad. A calfskin may be obtained 
from a very N oinig animal and wei.^h only a very few poinnk, 
or it may be anythiuii; just shoft of a kip. (loat, seal, and 
sheep skins are obtained from adult animals, but calfskins 
from the young of a large animal. Thus there are many 
grades of c[uality, according to age, and the material must 
be chosen with regard to the purpose in view. vSoine of 
tliesc purposes have already been discussed. Heavy calf 
is treated much like kip as a curried leather for upper work. 
I'vVen lighter skins are given the “ waxed calf " and “ satin 
calf ” iinishes, and make upper leather of excellent quality. 
To produce such leathers the treatment is much the same as 
described in Part L, Section VUI., p. 76. Calfskins were also 
used for very light upper work, in which they were not so 
heavily greased in finishing, but rather dyed and finished 
as a light leather. In this direction, however, the vegetable 
tannage has been almost completely superseded by the 
mineral tannages, first by ‘‘calf kid,” an alumed leather 
(Part IV., vSeclion 1., pp. 174-177), and afterwards by the 
now popular chrome tannage of “ box calf,” ” willow calf," 
“ glace calf,” ” dull calf.” etc. (Part III., vSection lll^dp. 156). 

In this section, therefore, we have only to consider calf- 
skins as used to make a vegetable-tanned light leather, such 
as may be employed in bookbinding and in the manufacture 
of fancy goods. I'or these purposes the skins feceive a 
mellow liming of 2 1-3 weeks. No sulphide need be employed, 
as the goods are soon lit to unhair. In such a mellow liming 
it is important that the bacterial activity is not too prominent, 
and hence it becomes advantageous to \;:ork the liming 
systematically in the form of a round of pits. To avoid 
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over-plumping in the newest limes some old liquor is used 
in making up a new pit. and its bacterial activity is reduced^ 
by adding it to the new caustic lime whilst slaking. Thus 
for a pack of 200-250 skins, 14-16 stone of lime may be 
slaked with about 30 gallons of old lime, and the pit tilled 
up •with water. If it be necessary to shorten the process 
and to use sulphide, this should be added only to the tail 
liquors of the round, and with it should be added, if possible, 
some calcium chloride to reduce the harshness of the soda. 
The skins should be ])uered tlioroughly to obtain the neces- 
sary softness, batc-sliavcd if *desirable, and drenched with 
8 per cent, of bran overnight. 

In tanning for fancy work and for dark colours, the goods 
arc coloured off and evenly struck through with sumach 
li(iUors. and then tanned further with li(|Uors made from 
oak bark, myrabolans or chestnut extract. The methods 
are ver>' closely similar to those used for goatskins and 
sealskins (Part II., vScctions II. and III.), and need not be 
described in further detail. The tannage is finished off in 
sumach. For bookbinding work, however, a ])ure sumach 
tanmv.: ? is given, using Ihpior slightly warm (yo"" F.). Paddle 
tannages are common, but for bookbinding the bag or bottle 
tannage is often preferred. The skins are sewn together in 
pairs, grain outwards, and nearly filled with warm sumach 
infusion, just as described for goatskins. They are then 
handled in old sumach liquors for about 3 days, and piled 
to drain and prc.ss. At this stage the bag is cut open, the 
goods worked on the flesh, and the tannage is conqileted 
with sepcy;ated skins in newer sumacli liquors, handling at 
least once a day for 4-5 days, as neces.sary. 

In finishing there is the usual variety, but a plain 
ungr^ined finish is most typical, as the smooth and fine grain 
of the young animal lends itself to this type of finish better 
than the skins of goat and seal, and gives a better quality 
leather than those from the sheep. The crust skins are wet 
back with water at about 110° F., and, if necessary, sammed 
and shaved. Sum aching follows, the operation being 
carried out in a drum for 1-2 hours. The skins are then 
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well struck out. vStriking and setting should always be 
•thorough for a plain finish, and this case forms no exception. 
Dyeing follows next, the paddle being often preferred to the 
drum, which is liable to work up a grain. The dyed skins 
are placed in cold water for a while and again well sjruck 
out. They are often nailed on boards to samm, and are tihen 
set out, lightly oiled with linseed oil and dried out in a cool 
shed.* vSeasoning follows, with milk and water only. The 
operation may be done with either brush or sponge, after 
which the goods are piled grain to grain and llesh to flesh to 
regulate. They may be next* perched to soften and fluffed 
if desired. After top seasoning with milk, water and 
albumin the skins are hung up for a while, piled to regulate 
and brushed, first lightly and then more vigorously. They 
may be then oiled very lightly and dried out in a cool stove 
to ensure a soft leather. 


iu<;m-:kknce. 
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SectiOxN VL --japanned AND ENAMELLED 
LEATHERS 


ThK leathers which receive a* japanned or eiiainellcd tinisli 
are usually vej^etable tannages, and so may be discussed at 
this stage. They are ])opularly known as “ ])atent " 
leather, but for no obvious reason. The chief object is to 
obtain a leather with an exceedingly bright and ])erniancnt 
gloss or polish, and this is attained by coating the leather 
several times with suitable varnishes. The great difficulties 
are to prevent the varnish cracking when the leather is 
bent or in use, and to prevent it peeling off from the leather. 
Aim ost all classes of vegetable tannage are ja])anned and 
enaim lled. Hides are split and enamelled for carriage, 
motor car and ui)holstery leathers, and enamelled calf, seal 
and sheep skins are used for boot uppers, toe caps, dress 
shoes, slippers, ladies' and children's belts, hat leathers, and 
so on. Broadly speaking, a japanned leather is a smooth 
finish and is usually black, whilst an enamelled leather is a 
grain finish with a grain j^attern w^orked up, and more often 
in colours. Hence japanned leathers are often made from 
flesh splitfj or leathers w ith a damaged grain. It is in any case 
advantageous to buff the grain lightly, for this permits the 
varnishes to sink rather deeper and get a firmer grip, and 
avoids the too sudden transition from phase to phase which 
is one catise of stripping or peeling. Many flesh splits, 
however, are printed or embossed to give an artificial grain 
and are then enamelled, which tends to fix the embossed 
pattern. 

Almost any i^e tiiod of preparing dressing hides for upper 
or bag work will yield a suitable leather for ena^pelliug and 
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japanniii}:^ (see Part L, vSection VIIL, p. 76 ; and Section IX., 
4). 86). If anything tlie liming should be somewhat longer 
and mellower in order to eliminate grease, as the natural 
grease of the hide causes the stripping of some varnishes. 
In finishing it is important to obtain even substance, or the 
varnish is liable to crack. Hides are soaked and sanimed^n, 
and often split, v^ometimes they are split twice, giving 
grain,, middle and flesh, the two former being enamelled 
and tlie last japanned. Other goods are .shaved very 
smooth. The goods sliould be next thoroughly scoured 
and stoned to get as much “ .ftretch as po.ssiblc removed. 
They are often suniached, washed in warm water, slicked 
out again and sannued. They are then lightly buffed on 
the grain, and after oiling lightly are thoroughly set out and 
dried. Ivmbossing or printing for enamels is done before 
the goods are (piite dry. Considerable difference of opinion 
obtains as to the best oil to use in the above oiling, kinseed 
oil is widely preferred as being most likely to agree with 
varnishes made from linseed oil. vSome manufacturers of 
japans do not dislike the use of mineral oil, but strongly 
object to cod oil, tallow or other stufling greases as tending 
to cause the varnish to strip or peel. Other manufacturers, 
on the other hand, will not have leather with mineral oil 
in it, and indicate that nothing but cod oil should be used. 
In all ]>robability these various preferences are determined 
by the nature of the varnish, which differs widely in various 
parts of the globe. 

In this country the varnishes are made largely from 
linseed oil by boiling it with “driers.” This oik contains 
much triglyceride of an unsaturated relatiee of stearic acid. 
The double bonds are very susceptible to oxidation with the 
production of resinous bodies of unknown constitution. 
This phenomenon is known as “ drying the oil,*’ and has 
been extensively used in the manufacture of linoleums. 
The driers are either oxidizing agents or oxygen carriers, 
such as litharge, Prussian blue, raw umber, manganese 
dioxide, manganese borate, and “ resinate^” Prussian blue 
is most preferred for British japans, as it always materially 
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assists the attainment of the desired black colour. The 
exact details of the boilinj^, and the manufacture of thc^ 
varnishes is still largely the trade secret of the master 
japanners, and differs indeed for the various stages of 
japanning. The varnish for the earlier coats is boiled 
loitger, and the drying carried further, than in the case of 
the later coats. This is partly to obtain a product of such 
stiffness that it will not penetrate the leather. The^ driers 
and the pigments should be linely powdered and thoroughly 
mixed in. The boiling takes several days when at a low 
temperature, but if done in 24 hours the temperature may 
be up to 570'^ F. In the later coats driers are often not 
used, and the product is often mixed with copal varnish, 
pyroxylin varnish, etc., which greatly help in obtaining 
smoothness and gloss. Turj)entine, petroleum s])irit and 
other solvents are also used to thin the varnishes, before 
boiling, the oil is often purified by a preliminary heating 
with nitric acid, rose spirit and other oxidizing agents, 
which precipitate impurities and thereb}' assist in obtaining 
a b. ight gloss. 

Ih fore the application of the varnishes, the leather is 
first dried thoroughly in a stretched condition. This is 
accomplished by nailing down on boards which fit like 
movable shelves into a “ stove," a clo.sed chamber heated 
by steam pipes. The temperature of tlie stove varies widely 
in different factories, from i4o°-*2oo^ F., according to the 
nature of the varnishes. The first coat of warm and rather 
stiff japan is laid over the hot leatlier in a warm room, 
being spread over first by hand, then by a serrated slicker, 
and then again smoothed by hand. The goods are then put 
into the stove for several hours to dry. When dry the 
surface is pumiced and brushed and a second coat applied 
in a siniftar manner, but with increased care. This is 
rq^eated with finer japans until the desired result is ob- 
tained. Brushes are used to apply the later C(2ats. Up to 
seven coats may be applied for the production of a smooth 
japan— three coajs of ground japan, two coats of thinner 
japan, and two coats of finishing varnish. 
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After the stoviiig is complete, the product is given a 
few days under ordinary atmospheric conditions to permit 
the reabsor^)tion of moisture to the usual extent. Enamelled 
leathers are then grained to develop the pattern. 
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Part III.-^CHROME LEATHER 

Section I. -THE NATURE OF CHROME 
LEATHERS 

In these da>'s the manufacture of chrome leather has 
attained a position hardly less in im])ortance than that 
occupied by the ancient method of tanning by means of 
the vegetable tanning materials, and large (luantities of 
hides and skins are now “ chrome-tanned " after pre- 
paratory i)rocesses analogous to those descril>ed in con- 
nection with vegetable tannages (Part II., vSection 11 . ; 
and Part II., >Section L). 

('hroiiie leathers are made by tanning pelts with the 
salts of chromium, and are typical of what are known as 
“ mineral tannages,” in which inorganic salts are the 
tanning agents. Tannage with alum and salt (see Part 
IV., Section I.) is one of the earliest mineral tannages, but 
is now of relativel)' iniiiof importance. Chrome tanning 
was first investigated by Knapp (1858), who experimented 
with chromic cliloride made ” basic ” by adding alkali, 
but his conclusions were unfavourable to the process. A 
patent v^s taken' out later by Cavallin in which skins were 
to be tanned b}' treating with potassium dichromate and 
then with ferrous sulphate which reduced the former to 
chrojnic salts, being itself converted into ferric salt. The 
product, which was a combination of iron-chrome tannage, 
did not yield a satisfactory commercial leather. Another 
patent, taken out in 1879 by Heinzerling, specified the use 
of potassium dichromate and alum. This in effect was 
a combination chrome-alumina tannage. The alum had 
its own tanning action and the dichromate was reduced 
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to chromic salts by the organic matter of the skin itself 
and by the greases employed in dressing. The process, 
however, was not a commercial success. In i88i patents 
were obtained by Eitner, an Austrian, whose process w'as 
a combination clirome and fat tannage. The chrome was 
employed as “ basic chromium sulphate " made by adding " 
common soda to a solution of chrome alum until a salt 
corresponding to the formula Cr(0H)vS04 was obtained. 
vSuch a solution is now known to be perfectly satisfactory, 
but at first it ])roved dillicult to devise satisfactory llnishing 
processes, and to supplement the chrome tannage with 
the fat tannage. 

The first undoubted commercial success in chrome 
tanning was obtained by the process of Augustas vSchultz, 
whose patent was the now widely known “ two-bath 
process,” in which the skins are treated successively with 
a cliromic acid solution and with an acidified solution of 
“hypo” (sodium thiosulphate). The first batli was made 
up commercially of potassium dichromate and hydro- 
chloric acid, so that, strictly s])eaking, it contained potas- 
sium chloride also. Tlie second bath contained, in effect, 
sulphurous acid, which reduced the chromic acid in the 
skin fibres to the tanning chrome salts. P'ree sulphur is 
also formed in this bath and in the skin, and contributes 
to the characteristic product obtained by this jirocess of 
tanning. Many minor deviations from the original process 
of Schultz have been introduced, but the main features 
have been unchanged, and this method of tanning is widely 
employed at the prescnil time for both light and heavy 
chrome leather. In 1893 tanning by basic chromic salts 
was revived and the use of the basic chloride was patented 
by ]Martin Dennis, who offered such a tanning solution 
for sale. The validity of the patent has always been 
doubtful on account of the previous work of Knapp and 
others, but the process itself was commercially satisfactory, 
and the many variants of this and of the basic sulphate 
tannages are now generally known as the “ one-bath 
> process ” in contradistinction to the variants of the Schultz 
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process, and arc widely used for all classes of chrome 
leather. A oiic-bath process which deserves special ineiitiou^ 
was published in 1897 by Prof. H. R. ProcjLer. In this 
the tanning liquor was made by reducing potassium 
\lichromatc in the presence of a limited amount of hydro- 
cWoric or sulpliuric acid by adding glucose. Although a 
basic chrome salt is the chief tanning agent thus ])roduced, 
there is little doubt that tlie organic oxidation products 
play an e.ssential part in piorluciiig tiie fullness and mellow- 
ness of tlie leather thus tanned, but their nature and mode 
of action has not yet been fuKy made clear though lyotrope 
influence is probable. 

More recently Baldcrston has suggested the suitability of 
sulphurous acid as reducing agent. A stream of sulphur 
dioxide gas is pa.ssed through a solution of sodium dichroinatc 
until reduction is complete. The resulting clirome licpior 
has been favourably reported U])on by some chrome tanners. 
Bisulphite of soda has also often been used as the reducing 
agent. Other organic substances are also often used, instead 
of glucose, to reduce the dichroniate. 

Theory of Chrome Tannage. —As to the theory of 
chrome tanning there is still considerable difference of 
opinion and much room for experiment. vSome leather 
chemists regard the tannage as differing essentially from 
the vegetable tannages, ilr. J, A. W'ilson has even sug- 
gested that the protcid molecule is in time ])artlN' hydro- 
lyzed with the formation of a chromic salt with the acid 
groups. The author, however, strongly favours the view 
that in ^lirome tanning changes take place which are 
closely analogous to those wliich occur in vegetable tannage, 
the differences being mainly of degree. Thus the hide gel is 
immej'sed into a lyophile sol— the chrome li(juor— and there 
follows lyolPTOpe influence, adsorption, gelation of the tanning 
sol, as well as diffusion into the gel, and finally also, probably, 
precipitation of the tanning sol at this interface (sq^ pp. 41-47 
and 200-219). 

In clfrome tannage the lyotrope influence is much more 
prominent than in /ege table tannage, but the effeci is in the 
E. 9 
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same sense, viz., to reduce the imbibition of tlie hide gel. Thus 
^the potassium sulphate in a chrome alum liquor has its 
own specific . action of this kind and contributes to the 
leather formation. Unhydrolyzed chromium sulphate and 
the sodium sulphate formed in “ making basic " act also 
in the same sense. 

The tanning sol is probably chromium hydrate, formed 
by the hydroly sis of chromium sulphate : it is a lyophile 
or cmulsoid sol and is in consequence very strongly adsorbed 
by the hide gel. This adsorption, involving a concentration 
of lyo])hile sol, is the first stage in gelation, which occupies 
a relatively more prominent place in chrome than in vegetable 
tannage. Some diffusion into the gel also occurs, and both 
the gelation and diffusion of the sol arc affected by lyotrope 
influence, but to a greater extent than in the vegetable 
tannage. Thus far the analogy is almost complete. 

There remains the question of the precipitation of the 
tanning colloid at the interface. This is a point which has not 
yet been thoroughly investigated, and which offers consider 
able difficulty to a clear understanding, but the matter may 
be probably summarized thus : the adsorbed chromium 
hydrate is precipitated at the interface of gel and sol to 
some extent, chiefly through the neutralization of its charge 
by the oppositely charged ions of the electrolytes present, 
but possibly also — in the last stages of manufacture by the 
mutual precipitation of oi)positely charged gel and sol. 

To illustrate the matter, the case of a basic chrome 
alum liquor will be considered. The chromium hydrate 
sol is primarily a positive .sol, just like ferric and aJ.uminium 
hydrate sols : i.c. in water they are somewhat exceptional 
in that they adsorb Ik rather than OH'. To cause pre- 
cipitation therefore it is necessary to make the sqI less 
[)Ositivc and more negative. The positive charge of the 
sol, however, is greater than in water, because of the free 
acid formc<t in the hydrolysis, which results in the adsorption 
of more h^ drions by the sol. Hence to ensure precipitation 
steps must be taken to reduce the adsorption of liydrions 
by the chromium hydrate sol. In practice such steps are 
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taken, and to such an extent that there can be little doubt 
that the chrome sol is not far from its isoelectric point* 
Amoi;gst these ‘'steps ” are (i) making the liquor “ basic," 
i.c. adding alkali to neutralize much of the free acid, which 
involves a considerable reduction in the stabilizing effect 
(tf the hydrions ; (2) the adsoq)tion of hydrions by the 
hide gel when first immersed in approximately neutral 
condition ; (3) the operation of the " valency rule " that 
the predominant ionic eficct in discharging is due to the 
multivalent anions. In this case the div'alent S(\" ions 
assist materially in discharging the positive charge on 
the ciirome sol ; (4) the final process of neutralization in 
which still more alkali is added. The operation of the 
valency rule is the most complex of these factors, for there 
is also to be considered the stabilizing effect of the kations, 
especially of the trivalent kation Cr*** from the unhydro- 
lyzed chromium sulphate. It is quite possible also that 
in the last stages of chrome tanning there are " zones of 
non-piecipitation " due to the total effect of multivalent 
ions, and it is quite conceivable that the chrome sol may 
chaiige its sign, i.c. become a negative sol and thus give 
also a mutual precipitation with the hide-gel. This is 
particularly ])robable where a local excess of alkali occurs 
in neutralization. However that may be, it is probable 
that most of the tannage is accomplished by chromium 
hydrate in acid solution, and it is therefore legitimate to 
conclude that adsorption and gelation have a relatively 
greater part in chrome tannage. The operation of the 
valency, rule makes it easy to understand why basic 
chlorides do not tan so well as sulphates ; the j:)recipitating 
anion is only monovalent (Cl') and chromic chloride con- 
tainij no sdbstance analogous to the i>otassium sulphate of 
chrome ahim and hence contains a less concentration of the 
precipitating anion. Hence also the stabilizing influence 
of common salt added to a basic alum liquor, tljp effect being 
to replace partially the divalent VSO4" by the monovalent 
Cr. LVotrope influence, however, may be here at work. 

It is possible to make out a rather weak ca^e that the 
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tanning sol is not chromium hydrate at all, but a basic 
^alt of chrome also in colloidal solution, and to contend 
that this salt, like most substances, forms a negative sol, 
but ill practice not negative enough, hence the desirability 
of alkali, divalent anions, etc. From this point of view 
the analogy witli vegetable tannage becomes more conr 
plete and the stabilizing effect of the soda salts of organic 
acids becomes easy to understand. 

It is highly probable that the electrical properties of 
the chrome sol need closer investigation on account of the 
complexity due to the pronfinent effect of niultivale^nt 
ions. It is desirable to bear in mind the remarkable 
phenomenon observed by Burton (Phil. Mag., 1905, vi, 
12 , 472), who added various concentrations of aluminium 
sulphate to a silver sol (negative). He observed (i) a zone 
of non-jirecipitation due to protection ; (2) a zone of pre- 
cipitation due to the trivalent kation ; (3) a second zone 
of non-precipitation due to protection after the sol has 
passed through the isoelectric jioint and become a ])Ositive 
sol ; (.j) a second zone of preciiiitation due to the pre- 
cipitating effect of tlic anion on the now positive sol. It 
seems to the writer that similar phenomena ma>' possibb' 
occur in chrome tanning, for whatever the sol actually 
is, it is not far from the isoelectric point. 

A few observations on the vegetable-chrome combina- 
tion tannages will not be out of place at this stage. Wilson 
refers to the well-known practical fact that chrome leather 
can take up about as much vegetable tan as if it were 
unchronicd pelt, and considers this evidence that^the two 
tannages are of fundamentally different nature. “ In 
mineral-tanned leathers the metal is combined with carboxyl 
groups, while in vegetable-tanned leather the tannki is 
combined with the amino groups. This strongly suggests 
the possibilit>- that the two methods of tanning are to 
some extent^.' independent of one another, and that a piece 
of leather tanned by one method may remain as capable 
of being tanned by the other method asv though it were 
still raw pelt ” (Collegium (hondon), 1917, iio-iii). To 
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the writer, however, it seems that the facts are evidence 
for the contrary })ro])Osition, that the tannaj^es are fnnda^ 
mentally of the same nature. On the adsorption theory, 
one would expect chrome leather to adsorb as much tan 
as pelt ; the readily adsorbable tan is the same, and the 
fiirome leather is an adsorbent of very much the same 
order of specific surface as pelt. The adsorption theory 
would iind it dilhcult to account for chrome leather not 
adsorbin;^ as much tan as pelt. It is (juite conceivable 
that a chrome leather could adsorb more tan than pelt, 
owini; to the more complete isolation of the fibrils by the 
chrome taima^^e and to their beiiii.^ coated over by a more 
adsorbent ^el. Adsorption is often deliberately increased 
by a preparatory adsorption. Thus sumach-tanned goat- 
skins are wet back from the crust and “ re-tanned " in 
sumach before dyeing, to coat the tibrcs with a fresh and 
more adsorbed gel and so ensure the even and thorough 
adsorption of the dyestuff. Mordanting fabrics has a 
similar object,— the adsoqition of colloidogeiiic substances 
w’'ich give rise to an adsorbent gel on the fibre. Unless 
veg^•lable-tanned leather is so much loaded with tan that 
its specific surface is effectively reduced, one would simi- 
larly exjiect that vegetable-tanned leather would adsorb 
the chrome sol. This, o{ course, is exactly the ca.se of 
semi-chrome leather. If, on the "chemical combination” 
theor\’, the vegetable tan combines with the amino groups 
and the chrome witli carboxyl groups, it is natural to 
inquire which groups the d>estuffs combine with. As 
either tannage does not interfere with the adsorption of 
dye, are w'e to conclude similarly that tanning and dyeing 
are fundamentally different processes ? 

Those \vho favour this chemical combination theory, 
and who* offer equations for the formation of vegetable 
and of chrome leather, should likewise suggest an cciuation 
for the formation of leather from ])elt by yie action of 
dyestuffs — a practical though hardly an economic process. 

The remarks made earlier in this volume (Part I., 
Section III.) as to the occurrence of what havejx^en called 
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“ irreversible changes ” subsequent to the mutual pre- 
t^ipitation of oppositely charged gel and sol, are equally 
applicable to^the chrome tannages. Chrome tannage was 
once thought to embrace such irreversible changes, but 
the process can now be “ reversed " with ease. The 
reversibility of the chrome tannage is an easier propositioti 
than that of vegetable tannage, partly because the leather 
is comparatively much less tanned, and partly because 
the acidity or alkalinity of the stripping agent may be 
adjusted, as desired, without the oxidation trouble. In 
approaching this question fro^n the theoretical side one 
must consider mainl}' whether to solate the tanning agent 
to a positive or to a negative sol. Our imperfect know- 
ledge of the electrical forces in operation in the chrome 
tannage is thus a serious drawback, but the evidence on 
the whole points to the precipitation being elTected by a 
negative sol near its isoelectric ])oint but in faintly acid 
solution. Hence, we should theoretically expect that 
reversion should take place into a negative sol in nearly 
neutral or even faintly alkaline solution. Thus, suitable 
stripping agents for chrome leather would be the alkali 
salts of organic acids (especially if multivalent). Now, 
Procter and Wilson have recently accomplished this strip- 
ping of chrome leather by the use of such salts. They 
approached the question from an empirical and practical 
point of view and found that Rochelle salt, sodium citrate, 
and sodium lactate would strip the chrome tannage with 
ease. Tliis important and very creditable achievement 
will have great practical and commercial impi'rtance. 
Procter and Wilson have deliberately and carefully re- 
frained from offering an exact explanation of this reversible 
action, but point out that all their stripping agents • are 
salts of hydroxy-acids, and strongly insist that tliese form 
soluble complexes with the chrome. Whilst not denying 
tills ill the Itast, the present author would point out that 
according to tlie views advanced in this book, the salts 
of organic acids which do not contain l\vdrox>d groups 
should, wh^n combined with a monacid base, also strip 
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the chrome tamiage. This he has found to be the case. 
Thus the chrome tannage is reversible in solutions of 
ammonium or potassium oxalate and of amnioniuin acetate. 
With these salts the full elTect of multivalent hnions is not 
attained, so that somewhat strong solutions are necessary. 

10 per cent, solution of ammonium acetate shows some 
stripj)ing effect after a few days, but a 40 per cent, solution 
after a few hours. vSaturated ammonium oxalate is only 
a 4‘2 per cent, solution, but shows a stripping efTect in 
2-3 days. Potassium oxalate (33 per cent.) shows distinct 
stiip])ing in 24 hours. Potassium acetate .and sodium 
acetate show only slight action, because Die solution is 
too alkaline, but strip if acetic acid be added until litmus 
is just reddened. It is noteworthy from a theoretical 
point of view that a .jo per c<*nt. solution of ammonium 
acetate is distinctly acid, and indeed smells of acetic acid. 
There :an be little doubt that such strip])ing actions are 
also connected with the solubility of the stripping agent 
in the gel, for tlie liquid must pass through the walls of 
the gel to dilute the liquid in the interi('>r. This view fits 
in eith the facts that hydroxy acids and ammonium salts 
are particularly ellicient, for the tendency of chrome to 
form amnionia-conq)lexes as well as hydroxy com])lexes 
is well known. P'rom this point of view we should not 
ex})ect a stri])|)ing actioif from a salt such as disodium 
pho.spluite, which would form an insoluble substance. 
Actually sodium phosphate does not strip, and indeed 
reduces the stripping i)Ower of ammonium acetate. vSinii- 
larly, we might expect some stripping action by ammonia 
and. ammonium , chloride, with the formation of chrome 
ammonia complexes. This actually occurs, a pink solution 
being obtained. vSodium sulpliite does not strip, possibly 
partly account of its too great alkalinity, but is interest- 
ing theoretically to observe that sodium sulphite as well 
as Rochelle salt will strip salt stains (see Yocum’s patent, 
Collegium (London), 1917, 6; also Procter* and Wilson, 
loc. citt). This points to the formation of a negative sol, and 
suggests many other substances for removing salt stains. 
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Special Qualities of Chrome Leather. — A few words 
^on the special ])eciiliarities of the leather formed by 
chroming will not be out of place at this stage. One of 
the greatest' disadvantages of the chrome tannage has 
been the absence of what is known as the “crust" or 
“ rougli leather " stage. In chrome tanning, the finishing 
operations liave had to follow on immediately after the 
tannage. Chrome leather, after tanning, may be dried 
out like other leathers, but if thoroughly dried, or if kept 
in a dried condition for any time, it will not “ wet back " 
again with water. Various siiggestions have been m^de 
to overcome this difficulty but none yet have found much 
favour in practice. The discovery of the reversibility of 
the tannage, however, ought to solve this difficulty, and 
the author would suggest that any of the substances used 
for “ dechroming " might also be suitable for “ wetting 
in " chrome leather which has been well dried out. A 
piece of chrome leather, dried out well after neutralizing, 
and kept in a warm place for four years, wetted back 
easily in ammonium acetate, in the author’s laboratory. 

Another peculiarity of the chrome tannage is tliat any 
defects in the raw' material always seem more obvious 
in chrome than in vegetable leather. This often necessi- 
tates the use of a better quality hide or skin. Weak grain 
or loose grain becomes very obvious. The presence of 
short hair which both unhairing and scudding have failed 
to remove also is usually more evident. 

A more serious disadvantage of chrome leather is its 
tendency to stretch. In the case of belting leather this 
feature is an obvious nuisance, and has inevitably led 
manufacturers to use pow'erful stretching machines upon 
the goods before they are marketed. In clK-ome sole 
leather also there is a tendency to spread and hhrow the 
boot out of shape. 

Further disadvantages arise from the fact that the 
chrome tannage is an “ empty " tannage. Compared with 
the vegetable tannage, very Httle of the tanning a^eut is 
adsorbed. Hence there is little matter of any Rind between 
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the hide fibres isolated during tannage. The inevitable 
effect of this is that the leather has not the same solidity 
and firniness, and needs filling out with other materials. 
A commercial consequence is also that it is mipossiblc to 
obtain the same yield of leather from any given quantity 
•etraw material. In trade })arlance clirome tannage does not 
give good “ weight." Another coiLsequence is that (even 
when well filled with greases in finishing) chrome leatlier 
tends to be " woolley " on tlie llesh side or at cut edges. 

On the other hand, chrome tanning has very many 
advantages over the older pr icess. The most obvious of 
these is the great saving in time. Many chrome tannages 
involve only a da\- or two, and none more than a week or 
two. A chrome leather factory th.erefore needs less cajiital 
on account of the quicker turnover. If, moreover, the 
market be unfavourable, a chrome tanner can sto]) or 
reduce cis out])Ut in a very short time, whereas a vegetable 
tanner is committed to many weeks' supply of the goods 
he is iiianufaeturing. Another notable advantage of chrome 
leather is its durability. In the finishing processes more 
grea^u is usually enqiloyed than in vegetable tannage, and 
this has a preservative effect iqion leathers w'hieh often 
get wad. Chrome sole leather and hydraulic leathers are 
cases in point. Chrome leather will al.so stand changes 
of temperature and friction much better than vegetable 
tannages The light chiome tannage results, further, in 
yielding a leather which has great tensile strength, and it 
is not surjjii.sing to find that chrome harness and chrome 
picking yands are highly thouglit of. The em])ty nature 
of the tannage necessitates the use of stulfmg greases, but 
such large proportions of these may be used that chrome 
tann^e becomes obviously suitable if one wishes to pro* 
duce a w'aticq)roof leather. Hence the popularity of chrome 
tannage for w'aterproof soling and hydraulic leathers. 

The advantages of the chrome process are very real, 
and very obviously such as will appeal to manufacturers. 
Chrome leathers have now been for some time in the fore- 
front as far as boot-uppers are concerned, csp^^cially for 
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the best quality goods, in which the popular box-calf 
and “ glace kid are so largely employed. There seems 
little doubt^that this will continue to be the case. It is 
an unfortunate fact that in this important branch of 
tanning, British manufacturers have not quite risen to 
the occasion. Their products have in the past been faced 
very serious competition from Continental and American 
manufacturers of chrome uppers, and there can be no doubt 
that these competitors produced a better article, and pro- 
duced it more economically. The disorganization of the Con- 
tinental factories owing to 4 he war should give Brftish 
manufacturers a valuable opportunity of putting such busi- 
nesses on a better basis. For sole leather also the chrome 
tannage makes constant headway, and the relative proportion 
of it becomes gradually greater. A great impetus to chrome 
sole leather has been given by the war conditions of Britain. 
Owing to the submarine campaigns of Germany the tonnage 
question became all-important, and the bulky imports of 
vegetable tanning materials became a serious item. British 
tanners were therefore encouraged to make more chrome sole 
and less vegetable sole. The urgent need of leather for our 
armies also assisted in the same sense. The production of 
chrome sole progressed therefore enormously during 1917 
and 1918, and although some reaction will doubtle.ss occur, 
there seems little doubt that chrome sole leather has taken 
a delinite and permanent leap forward. Once -the general 
public fully appreciate its qualities of waterproof ness and 
durability its future will be assured. 

On the whole the position and prospects chrome 
tanning are good. The chrome tannages are making headway 
in all directions, and undoubtedly threaten the existence 
of many of the older processes of vegetable tamfing. 
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Section II. -GENERAL ]\IE1’R0DS OF 
CHROME LEATFIER MANUFACTURE 


It lias been previoush' jxjUilcd out that the chrome 
tannage is an “ empty " one ; the primary principle in 
the wet work of goods for chrome leather is to avoid 
anything which will make this feituro more obvious. In 
the vegetable tannages relatively larger amounts of the 
tanning agents are used, and these lill the intertibrillar 
spaces ; indeed, as we have seen (Part I., Sections III., V. 
and \T.), eflort is made to increase these spaces and to 
lill them to their maximum capacity, thus yielding a 
leather of which 50 per cent, is the tanning agent. In 
chrome tanning, however, the tanning agent may only 
be ap])roximately 5 per cent, of the iinished leatlier. so 
that any trouble taken to split the hide fibres or to dissolve 
hide substance is usually not only superlluous, but also 
calculated to enhance the* “ emptiness." The governing 
principle of all the preparatory processes for chrome 
tannage is therefore the conservation of liide substance, 
and this principle determines the modifications of the 
processes^ of soaking, liming, and deliniing, which are in 
vogue. Now, in most of tlie.se jirocesses there is usually 
some loss of hide substance, and it is the particular problem 
of chrome tdnning to reduce this loss to a minimum in each 
stage. Whether the loss of hide substance be due to 
alkaline or fermentive hydrolysis, or to solation of the hide 
gel, the effect is increased by swelling, and in the wet- 
work for chrome, therefore, any variations in the degree 
of swelhng.aie objectionable. The preparatory proce.sses 
should be carried out with as little change as j;^ossible in 
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the volume and elasticity of the pelt. Whether also the 
loss of hide be due to liydrolysis or solation, it is 
increased 1^^ time, hence short processes are (other 
things being equal) much to be preferred, Fermentive 
hv'drolysis is minimized by cleanliness, alkaline hydrolysis 
by avoiding strongly alkaline liquors, and solation 
collagen is reduced by both, and also by avoiding, as 
far as i)0ssible, the presence of calcium and ammonium 
salts, 

vSoaking should be (piick and clean. The use of the 
j)addle or drum gives the greatest efficienc\' and also assists 
in ])rocuring the softness so essential to the bulk of chrome 
leathers. 

Timing chrome leather satisfactorily is almost an im- 
possible ideal. Fvery conceivable arrangement has some 
objection to it. The time of the process may be shortened 
either by the use of sulphide or by the use of mellow or 
old limes. To shorten time by the use of sodium sulphide 
unlortuTiately involves the employment of more alkali 
than is de.sirable, with a consequent plumping effect and 
tendency to harshness. If sufllcieiit sulphide be irsed to 
make the liming very .short, then the grease is not “ killed " 
(saponided or emulsified). If the harshness and alkalinity 
be removed by using also an excess of calcium chloride, 
then the lyotrope inllueuce of this substance enhances the 
solution of the hide gel. On the other hand the iLse of 
old lime liquors avoids the plumping effect, but increases 
considerabl}' the bacterial activity, and the bacterial 
enzymes ])roduce both hydrolysis and solation of. the pelt. 
In practice what is generally done is to shorten time by 
both methods and so to admit both disadvantages to a 
limited extent. This is theoretically more sound « than 
would appear, for in mellow limes sulphide has Ibss plump- 
ing power but is just as strong a depilatant ; whilst, on 
the other li^jiid, a mellow liming shortened by sulphide is 
less objectionable as there is some evidence that bacterial 
activity is relatively less in the first few^^lay::. Hence a 
mellow suli)hide liming of 7-10 days is very common in 
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practice, but sometimes a 3-4 days’ process with more 
sulphide is also found satisfactory. 

It would seem probable that the real solution of the 
problem would be found by a dilTereiit process allo,e;ether. 
In this connection it is interesting to note that a Continental 
^p^posal to unliair by enzyme action oiiK’ has been found 
most practicable with goods for chrome, and, in the author’s 
opinion, some development on these lines, in which a 
lipolytic enzyme is used in addition to a proteolytic, might 
solve the difilculty, and give a rapid depilation which 
dispenses with liming, ])lum]*ing and deliming with the 
consequent loss of valuable hide substance. 

In the usual short, mellow, sulphide liming it is clear 
that there is not much advantage in a “ round ” or “ set ” 
of pits. Hence the one-pit system is popular on account 
of the less la1)our involved. 

The above remarks are less a])plicable in the case of 
chrome sole leather. In this case weight is a great con- 
sideration and ])lumping is necessary. In such leather 
the chrome tannage is su])plemented by the use of 
waxi'-, which till u]) the spaces between the iibres and 
give solidity and water])roofness to the finished article. 
With tliis leather an ordinary sole leather liming in 
sharp liciuors is not unsuitable, handling the goods from 
“ mellow to fresh,” but there is, on the whole, a tendency to 
shorten tlie process to about a week by using more sul])hidc. 

Processes for deliming ])elt for chrome leather should 
also be chosen by our guiding principle of hide substance 
conservation. Here again .short processes involving little 
change in swelling should be preferred. Now, the ordinary 
bating and pucring processes give (i) neutralization of 
lime by organic acids combined with weak bases ; (2) the 
solation c 4 some hide substance ; and (3) a “ pulling 
down ” effect on the swollen pelt. Now', neutralization is 
quite superfluous, as the acids of the chrome liquor (one- 
bath or tw'O-bath) can quite well acconi])lish this ; the 
solvent effert. is undesirable altogether; and the “pulling 
ddwn “ effect is also unnecessary if the gooch^ are not 
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plumped up. With any method of liming, how( 
plumping is obtained, and this creates a problem of 
practical i^nportance. In the huge quantities of pelt 
which go for chrome upper leathers, a primary considera- 
tion is the soft, kind,” or mellow feel of the grain in the 
finished leather. This is obtained only by tanning 
pelt when the grain at least is in a thoroughly deplumped 
and inelastic condition. It is e.ssential to delime not only 
so that the alkaline plumping effect is completely removed, 
but also so that no acid plumping effect succeeds it. The 
practical problem is to decide whether, in any partifular 
instance, dung pucrs and bates arc necessary to obtain 
this result. Bating is clearly not very desirable, on 
account of the length of the process, during which hide 
substance would be lost unnecessarily, and also because 
there will usually bo a slight alkaline swelling. Puering 
with dog-dung infusions is ])referablc ; it is not such a 
long ])rocess, the liquor is just acid to i)henoli)]ithalein, 
and the action is more intense, and by puering for a short 
time only the loss of hide may be coniined to the grain 
and flesh only, w'hilst the desired inelasticity of grain-pelt 
is soon obtained. Many large firms have admittedly 
found themselves unable to dispcn.se with puering, but 
others have succeeded in substituting for it tlie use of 
non-swelling deliming and lyotropc agents like ammonium 
chloride and boric acid. In all cases it is futile to delirne 
or puer the grain and then allow' the goods to stand until 
the centre lime has diffused outwards. The goods must 
pass into the chrome liquors w hen in the correct i^'ondition. 
p'or heavy chrome leather a surface deliming wdtli boric 
acid is all that is neccssaiy’. ICven that is superfluous 
w'hcn the goods arc to be pickled before tanning. ^ 
Types of Two-bath Chrome-Tannage.— Mhough the 
original process of the Schultz patent is quite a practicable 
one. manv modifications have been introduced. These 
modifications have been made to suit the class of goods 
under treatment, to suit the particular mode pf application 
which is^ available or suitable, and to efiect economies^of 
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chrome and other material, and of time, and also to com- 
bine with the tannage a pickling effect or a partial alum 
tannage. Other modifications arise from the precise acid, 
neutral, or alkaline condition of the pelt, being for example 
obviously necessary w'hen pickled stock rejilace neutral 
^Piits. The many two-bath ])roccsses which have been 
found useful have been classified previously by the author ^ 
into three types: (i) The “Schultz type,” in win. di such 
quantities of dichroniatc and acid are used that there is 
no excess of free acid (other than chromic), but an excess 
of itnaltered dichromate; (4 the “Acid type,” in w'hich 
the chromic acid is completely free and the lirpior con- 
tains also some excess of mineral acid also ; and (j) the 
“ Neutral type,” in which neither these main constituents 
is in excess, just sufiicient mineral acid having been used 
to liberate all the chromic acid from the dichromate. 

Nov. 

KoCrA >7 H- 2 HC 1 ==2 KCl -f 2Cr( )3 +I 4 ( ) 

^04 73 

Takiiig the commercial hydrochloric acid as a jo ])er cent, 
solution, 73 parts will be obtained in about 250 parts of 
commercial acid. Hence 204 parts dichroniate need 250 
parts commercial hydrochloric acid for the above re- 
action ; - in other words. • 5 per cent, dichromate needs 
4J per cent, commercial acid. Similarly 6 jkt cent, and 
4 per cent, of dichromate need 5’i ])er cent, and 3^4 per 
cent, respectively of commercial acid. If therefore such 
quantities be used we have the so-called “Neutral type ” 
of chroi^iing bath. If less quantities of acid be u.sed we 
have the “Schultz type,” and if greater quantities of acid 
be used wg have the “ Acid type.” The original Schultz 
patent used 5 per cent, dichromate and 2J per cent, hydro- 
chloric acid, and well exemplifies its type, for there is much 
nndecomposed dichromate. The composition of some 

^ "Types of Two-bath Chrome Tannage," Leather, 1909, 227, 259. 

* Comrae.re/al acids of course vary in strength, and the amount needed 
v.afies accordingly;" 
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cliroming baths in common use on a practical scale are 
given below under the heading of their type : — 


Typr. 

^Dichrom.ilp, 

llydrodiloric 
j Add. 

Salt. 

Alnminlura 

Sulphate. 

( 

5 


— 

— 


5 


— 

3 

Schultz ^ 

5 


5 

— . 

1 

5 

i 

10 

— 

1 

f) 

3 

— 

— 


4 

4 


— 


4 

! 4 

5 

— 


5 

5 

.5 


Acid 1 

.5 

«5 

10 



{> 

6 

1.5 

— 


3 

3 

1.5 

4 


2 

4 

10 

— 

\ 

4 

15 

24 

-- 

/ 

5 

4l 

5 



5 

1 

— 

2* 

Ncutr.'il / 

Chromic acid 





5 







k 

— 

\ 

i ^ 

1 

10 

— 


All the ligures are percentages of the weight of ])elt. As 
K2Cr207 has a molecular weight of 294, and Na2Cr207,2H20 
a molecular weight of 298, in practice they may be con- 
sidered as interchangeable, weight for weight. The sodium 
salt is cheaper and more often used. The corresponding 
amount of chromic acid, 2Cr03, has an equivalent weight 
of 200, hence any weight of dichroniatc may in practice be 
substituted by two-thirds the weight of commercial chromic 
acid, tupu valent weights of commercial sulphuric acid 
are sometimes used in place of hydrochloric. The quantity 
de])cnds upon the strength of the sulphuric acid used. 
Aluminium sulphate, Al2(S04)3i8H20 (mol. wt. 666), may 
be replaced by ordinary potash alum, KovSOjj.Alo (804)3- 
24H2O (mol. wt. 948). In practice 7 parts of ^he former 
and 10 parts of the latter may be considered equivalent. 
It should be remembered that both these salts are hydro- 
lyzed in solution, and therefore increase slightly the amount 
of free acid present. Their presence decreases the 'amount 
of chrome taken up, and as little or no alTtmina is fouitd 
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in the leather, tliere is usually small advantai^e in their 
employment. The use of salt is common but often uii- ^ 
necessary. It is considered desirable in baths of the acid 
type to prevent swelling by the exce.ss of acid, and in baths 
made up from commercial chromic acid to replace corre- 
tp'ondingly that normally formed from the reaction of 
dichroinate and acid. It is used also in all baths wliich 
are intended to treat pickled goods. Like all electrolytes 
its presence decreases the adsorption of chromic acid. 

AU these conceivable modilications will make good 
leatiier, and the choice of a j^;focess often depends largely 
upon market j^rices. On the wliole the tendency is to 
prefer tlie neutral or acid type, on account of the greater 
ea.se and completene.ss with which the bath may be ex- 
hausted. Pickled stock may be depickled before tanning, 
by a bath of salt, mixed with borax, whitening, or basic 
alum S(;lutions It may also be placed direct in the chroming 
bath, but the auiount of acid thus added w'ith the goods 
must be determined and allowed for when making up the 
ba'^h. No allowance is usually necessary, however, if the 
“ pi kle consist only of alum and salt. 

The chroming operation is carried out usually in drums 
or paddles. Drums are ])referable becau.se more con- 
centrated baths may be u.sed ; these solutions penetrate 
quicker and are easier to exhaust economically. They are 
also preferable for liides and heavy skins. Paddles are 
preferable where grain is important, and for light skins 
in which little time is needed. >Small variations in the 
ratio of ^hrome to pelt, or in concentration of liquor, have 
little influence upon the resulting leather. 

The analytical investigation and control of chroming 
baths, is ustially simple. A suitable volume of liquor is 
titrated \Wth N/io thiosulphate after acidifying with 
hydrochloric acid and adding potavSsium iodide. The 
operation should be conducted in a stoppered^ bottle, and 
the liquor allowed to stand for ia-15 minutes after adding 
the iodide . ^nd before titrating. A little fresh starch 
iuhision should be added towards the end of th^ reaction. 
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Each c.c. N/io thiosulphate corresponds to 0 003a gran 
CrOj or 00049 gram KaCraO,. The same volume 0: 
liquor should also be titrated with N/io caustic soda and 
pnenolplithalein. Potassium chromate is neutral to this 
indicator, ix. chromic acid acts as a dibasic acid. Any 
excess of hydrochloric acid is also titrated. More indicat^f 
should be added towards the end of the titration, as it is 
often oxidized. Each c.c. N/io soda corresponds to 0^005 
gram Cr03, o‘oi gram “ half-bound Cr03 {i.e. present 
as dichromate), 0-0147 gratn K3Cr207, or 0*00365 gram 
IICI. If a c.c. N/io thiosulphate and b c.c. N/io foda 
be needed the type of chroming bath may be seen at a 
glance — 


The type is , The bath contains 


b is groalcr than 
but is k;ss tliaii 
b is grcatcT than I a 

b equals Ja 


Schultz potassium dichromate 

and cliromic acid 
: cliromic acid and free 
hydrochloric acid 
Neutral chromic acid only 


If 10 c.c. chrome licpior require a and b c.c. of thiosulphate 
and soda respectively — 

I. 10 c.c, of a bcliiiUz bath contain [b — |d)xo-oi gram 
CrOa 

and {((/X*oo33)~[(/;-Ji/)xo-oi]} xi-47 grams KoCr^Oy 

II. 10 c.c. of an acid bath contain (dXo-oo33) grams 
CrOa 

and Xo-oo365} grams HCl * 

III. 10 c.c. of a neutral bath («Xo-oo33) grams 

or (bxo-oo^) gramsi^^^3 

The second bath of the two-bath chroii"^ tannage 
consists of a solution of sodium thiosulphate acidified with 
hydrochloric acid. The reactions in this bath are some- 
what complicated, several occurring simultaneously. 
Broadly speaking, the final result is due to (i)^^ feduction 
of the chromic acid to a chromic salt by '{Ee^sulpfiui\>as 



CHROME LEATHER MANUFACTURE 147 

acid ; (2) the formation of a basic chromic salt owing to 
the excess of thiosulphate ; (3) the reaction of the added 
acid and thiosulphate to give free sulphur, which is 
deposited in and on the leather. The relative intensity 
of these effects is variable, according to the conditions 
of operation, c.g. the amounts of chemicals used, their 
concentration, the nature and condition of the goods, 
the time of application, the manner of a])i)lication, etc. 
In practice the most favourable conditions are usually 
discovered empirically, but, broadly speaking, the goods 
are usually added soon aft^r the thiosul])hate and acid 
are well mixed. There is some evidence that the reduction 
is in steps, intermediate products such as sodium tetra- 
thionate and chromium dioxide are known to be formed. 
The goods change from yellow to dark brown, then to 
green, and tinally to the familiar blue. The sulphur 
makes the final colour a lighter blue than in the case of 
a one-bath tannage, hence the two-bath process is often 
preferred for “ colours.’' 

On account of the empirical character of this “ hypo 
balli,” it is impossible to fix any exact relation between 
the quantities of material irsed in the chroming bath, and 
the quantities of “hypo” and acid used in the reducing 
bath. The following rules, therefore, must be understood 
as rough approximations for practical use, and though 
they have been empirically discovered their theoretical 
significance is often fairly obvious. 

I. The amount of hypo necessary is almost directly 
proportional to the amount of dichromate used. In 
chroming with baths of the acid or neutral type, the per- 
centage of hypo should be about three times the percentage 
of dichronfate used. Thus 4 per cent, dichromate needs 
12 per cent, hypo ; and 6 per cent, dichromate needs 18 
per cent, hypo on the pelt weight. In baths of the Schultz 
type a less proportion of hypo may suffice, bvt the 10 per 
cent, h^'po for 5 per cent, dichromate, recommended 
by tjie ^obnlt:^ patent, is generally considered rather 
insufficient. 
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2. The proportion of hypo is increased somewhat for 
^the heavier classes of goods, and may even jeach 20 per 

cent, of the pelt weight. 

3. An increase in the proportion of hypo is usual with 
an increase in the amount of free acid in an acid chroming 
bath. 

4. The percentage of hydrochloric acid in the reducing 

bath is roughly half that of the hypo, but is the most 
variable factor. The quantity varies with the rate and 
mode of addition, the class of goods under treatment, 
and the composition of the chroming bath. ' 

5. In baths of the vSchultz and neutral type it is better 
to add some acid to the hypo bath before adding the goods, 
but this is less essential for goods from an acid chroming 
bath. 

6. In the ca.se of goods from acid chroming baths, 
the amount of acid used in the reducing bath is an inverse 
function of the excess of acid in the first bath, e.g. take 
the following two processes : — 


Chroming bath. 


Hypo bath. 


DicliroiiMte. ! Hydrochloric acid. 


Hypo. , Hydrochloric acid. 


414 12 5 

4 I 15 15 I I 


7. There should be some excess of hypo at the end of 
the process. This acts as a feeble alkali, and coipmeiices 
the neutralization. 

The ])rocess can be carried out in paddles or in drums 
as preferred, for reasons similar to those applicable iy the 
case of the first bath. On the whole, however, drums are 
less popular for the second bath, for the dilute solutions 
of the pad(]le effect some economy of sulphurous acid, 
which is apt to escape into the air. A preliminary “ hypo 
dip ” is sometimes used to prevent the^ “ " of 

the chronvc acid. The use of many other reducing ageitfcs 
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has been suggested as substitutes for hypo. Sulphides, 
sulphuretted liydrogen, polysulpliidcs, sulphites, bisulphites, 
hydrogen peroxide, nitrous acid, lactic acid, etc., have 
been used, but none are so ea.sy to manipulate as thio- 
sulphate, 

Types of One-bath Chrome Tannage.—The one-bath 
process is simpler than the two-batli process inasmuch as 
only one kind of Ihiuor is involved, viz. one in wnicli the 
chromium is in the chromic stale. Hence the variants of 
the one-bath process consist mainly of variations in the 
comi)Osition of this liquor. The chief point of variation 
is in the readiness with which chroinimn hydrate is adsorbed. 
This is determined by the extent to which the chromic 
salt is hydrolyzed to form the tanning sol and free acid, 
and by the concentration and nature of this free acid as 
well as of other substances. It is diihcult unfortunately 
to express tliese factors in terms whicli are comparable 
tinder general conditions. Chromic salts are usually hydro- 
lyzed to some extent, but this extent is very different even 
in water, according to the nature of the acid radicle. The 
degiec of hydrolysis is also largel}' affected by tlie extent 
to which the solution has been “ made basic by the 
addition of alkalies. By the neutralization of the free 
acid in this way there is birther hydrolysis, the extent of 
which is again iiilluenced by the nature of the acid radicle 
involved and other dis.solved substances, especially of 
organic matters. Again, the hydrohesis is largely affected 
by the concentration of the solution even when the pro- 
portions of the ingredients are constant, and this is practi- 
cally important on account of the necessity for exhausting 
the chrome liquors economically. Nor is the matter 
entijely one of degree of hydrolysis, for (as we have noted 
in the jiVeceding section) the electrical condition of the 
chroming sol is of great importance owing to the operation 
of the valency rule and the possibility of V)nes of non- 
precipi1;^tion. The alkaline, neutral or acid condition of 
the whei] first introduced has also its influence on 

^ these points. 
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It will be readil}^ understood, therefore, that there 
^ is some difficulty in expressing the tanning power of a 
chrome liquor. As near as can be yet said this is deter- 
mined by (i) the concentration of the actual tanning sol, 
and (2) its nearness to the isoelectric point. Now, these 
points arc not readily determined by analytical methods, 
and the best that can yet be done is to determine the 
conditions which have large influence upon these points. 
Thus the degree to which the liquor is “ made basic ” by 
adding alkali is known, and can be expressed in formiilse 
by assuming that the acid neutralized by this alkalf is 
replaced in the chrome salt by hydroxy groups. Chromic 
cliloride, Cr2Cl(}, with the addition of soda to correspond to 
half the acid formed upon complete hydrolysis, would be 
considered then to be a solution of the salt, Cr2(OH)3Cl3. 
This has given rise to the conception of the “basicity ’’ 
of a chrome liquor, which may be expressed in many ways, 
the most common of which in practice is the number of 
grams vS()4 still combined with 52 grams Cr. Tlius the 
salt corresponding to the com})Osition Cr(0H)vS04 is said 
to have a basicity of 96. The practical importance of such 
determinations of basicity has been much exaggerated, 
for they are but a rougli guide to the degree of hydrolysis 
of the chrome and to the extent to which the sol is positive. 
Thus if the clirome salt be actually a sulphate, a liquor 
of basicity 9O has about the same practical value as a 
chloride liquor of basicity 72, and in each case the figures 
arc of little significance if many organic substances be 
present. If, however, as is usual in practice, there be 
approximately the same acid radicles throughout the 
tannage and about the same relative proportion of organic 
matters or of inorganic salts, then these determinations 
have some practical value for comparative \)uq)oses. 
The determination is itself simple : a portion of liquor 
is titrated direct with caustic soda. The titration is at 
boiling-point, and is continued until a permanent pink 
is obtained with phenolphthalein. The amouttti,2f^^^4 
corresponding to the soda required is then relative toifife* 
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amount of Cr in the same volume of liquor. A chromium 
estimation is therefore also necessary and is most readily 
done by evaporating a portion of li(iuor to dryness, igniting 
the residue and oxidizing the chrome to fhromate by 
heating in a muftle furnace with magnesia and sodium 
carbonate in equal parts, or fusing in a blowpipe with 
sodium and ])otassiiim carbonates in equal parts. The 
oxidized residue is dissolved in hydrochloric a:id and 
titrated with thiosnlj)hatc as described for the two-bath 
process. 

Another attempt to detorniine the practical value of 
a chrome liquor is the empirical test suggested by 
McCandlish, in which 10 c.c. of the liquor is titrated with 
standard alkali until the precipitation point is reached and 
a turbidity appears. The ligure thus indicates api)roxi- 
mately the degree of neaniv^ss to the precipitation point 
and t.'iC amount of free acid in the liquor. The author 
has found this a useful test taken in conjunction with the 
basicity determination. It is best expressed in the same 
imits, c.fi. grams vSCq per 52 grams Cr. 

Another method is the determination of the hydrioii 
concentration of the liquor. This has useful possibilities 
for research work, but is usually too laborious for rapid 
commercial control. The results, moreover, are not less 
empirical, for the hydribn concentration of the liquor 
indicates but imperfectly the elecirical condition of the 
particles of the tanning sol. 

In classifying one-bath liquors into ty])es, it is best 
to tak(; together those in which the usual “ basicity and 
“ acidity " determinations have at any rate approximate 
comparative value, and this is determined in the main 
by Jthe ntethod by which the liquor is manufactured. 
Broadly speaking, there are three types of chrome liquor : 
(i) those made from chromic salts by adding suitable 
amounts of alkali ; (2) those made from sodium dichromate 
by reduction with organic matter ; and (3) those made 
from sodium dichromate by reduction with sulphurous 
or its salts. 
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Of the first type the most common is that in which 
chrome alum (a bye-product of the dyeing industr>^) is 
the starting-point. To a solution of this a solution of 
washing so{1?i is gradually added, with constant stirring, 
until the salt corre.sponding with the formula Cr(0H)vS04 
is obtained. 

Now 

K2S()4Cr2(S( )4),2.4lIat), -l-Na 2 S 04 -[-NaC023, 10 H 2 O 

286 

“ 2Cr(0H)S04 "b K2SO4 -f CO2 + 33^f 2^ 

r 

Hence, in practice, for every ten parts of chrome alum 
2 ‘86 ])arls of soda crystals (or i‘o6 parts anhydrous soda) 
are used. A convenient ‘‘stock solution” is of 10 per 
cent, strength. Thus 10 lbs. of chrome alum is dissolved, 
made basic, and made up to 10 gallons. To dissolve the 
alum a mechanical stirrer is necessary, for the water must 
not be more than warm. The disadvantage of this liquor 
is the limited solubility of chrome alum and the need for 
its solution in the cold. Liquors may be also made by 
dissolving cliroiniuni hydrate in hydrochloric acid, and 
making basic to correspond to the formula Cr2(OH)3Cl3. 
Many preparations are on the market containing both 
chlorides and sulphates with appropriate basicity. Chrome 
alum liquors have been less often used in Britain of recent 
years owing to the high price of chrome alum, caused in 
part by the presence in the salt of potassium, all the salts 
of which have been scarce and dear under war conditions. 

Of the second type Procter s ‘‘ glucose liquorr” is a 
good example. Use 5 lbs. sulphuric acid, 6 lbs. sodium 
dichromate, and 7 lbs. of glucose, or quantities in similar 
proportion. The dichromate is lirst dissolved, and* the 
acid added gradually. The glucose is then added tsautiously 
on account of the brisk effcrve.sceiicc of carbon dioxide. 
A glucose of ^ood qualitj' is necessary, and the proportion 
to be used is not quite definite, for sufficient only is^ needed 
to effect the reduction, and this amount is inflimug ej b y 
the rate of^ addition and temperature of the mixture. T&d' 
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reduction should be careful and regular, or the oxidation 
products will be irregular and have a varying effect upon 
the tanning. Molasses can be substituted for glucose, in 
amounts varying with its strength. * 

Of the third type the nio.st common is that in which 
the dichromate is reduced by sulphuric acid and sodium 
bisulphite, v^olid bisulphite may be u.sed, but it is usually 
dear, and solutions are more commonly employe(\ Into 
this type fall also the licpiors formed by passing sul])hur 
dioxide gas into dichromate solution, v^tock lupiors of 
this type have the advantag-^ that strong solutions may 
be made (ig) to nS per cent. Cr20;{) ; they liave the dis- 
advantage that they are liable to contain exce.ss of free 
sul])hurous acid. 

The method of ap])lication of chrome li([U{)rs is usually 
by ])addling or drumming the goods in solutions of a])pro- 
priate . trength - broadly speaking, paddles used for lighter 
goods and plain finishes, and slowly revolving drums for 
heavier hides and grained (inishes. Heavy chrome leather 
is 'ften tanned in jiits by sus])ension just as in vegetable 
tami'ng. In sucli instances rockers may be usefully 
employed. 

In anv case, the goods are successively brought into 
contact with liipiors of increasing strength, as in vegetable 
tannage, and the Ikpiors are thus most conveniently 
exhausted economically. The green goods thus receive 
first nearly spent liquor and finish out of fresh strong 
liquor. The goods may be, of course, handled from drum 
to drum, or from pit to pit, but the modern tendency is 
to save labour by moving the liquors instead. Thus in 
drum tanning the liquor is run out and pumped into the 
next* drum*. In pits air ejectors have proved suitable, 
not only ^s lift pumps, but also as agitators of the liquor 
in which goods are suspended. The press system is also used. 

Finishing Operations. — In nearly all case^ the chrome 
leather ^ has to be “neutralized" after tanning. This 
consists. in remoying the acid “ reversibly adsorbed." This 
removal is necessary to the finishing processe;?, as well 
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as to bring the tanning sol into condition for more per- 
manent tannage. Neutralization gets rid of .soluble chrome 
salts as well as free mineral acid, and is the final stage in 
rendering tfie tanning sol less positive, and perhaps even 
negative. It is brought about by the use of weak alkalies, 
of which borax is the easiest and safest, but not the 
cheapest. vSodium silicate, phosphate, carbonate, and 
bicarbonate have been also used, and a mixture of soda 
and an ammonium salt has been suggested by vStiasny. 
Whitening has also been tried, but is very slow-acting. 
Considerable economy in j^kali may be effected lly a 
thorough washing of the leather before using the alkali. 
If the water be hard, so much the better, and if warm 
water be available the process is hastened. For most 
leathers it is necessary to remove excess of alkali just as 
much as excess of acid, so that a thorough washing in 
water generally follows the treatment with alkali. Any- 
thing from I to 3 per cent, borax (or its equivalent) on 
the pelt weight may be used, and, generally speaking, it 
is better to use .solutions as dilute as practicable in order 
to avoid local over-neutralization and tender leather. 

h'at liquoring is a process which is very largely typical 
of chrome leather manufacture ; it consists in drumming 
the goods with an oil emulsion, the grease of which is 
cntirel}' taken up by the leather. It thus strongly resembles 
drum vStutfing (Part I., Section IV., p. 53) in method, but 
the “ fat liquor " is such that it mixes easily with water, 
and usually contains soap in order to assist in this sense, 
and may sometimes indeed consist of soap only. .Mineral 
oil is also used frequently in fat liquors. The object of 
fat liquoring is to give softness, pliability, or waterproofness, 
and to feed the “ empty " chrome tannage. * It is. also 
used as a preparation for more complete imp regulation of 
grease, c.g. as in “ stuffing " chrome harness, and in 
“ dipping " ^hrome sole leather. Fat liquors are usually 
made by dissolving the soap in boiling w^ater and gradually 
adding the oil with constant agitation. Perfect .emulsifi- 
cation is essential, and this is assisted by the use of caseinf 
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albumen, gelatine, starch, egg yolk in addition to soap 
and oil. vSoda»and borax also iissist, and dcgras and sod 
oil are also useful and are admissible where the leather is 
to receive a dull finish. The operation of fat^iquoring is 
greatly assisted by heat, and temperatures of about 110° 
to 130'' F. are usual. Chrome leather may be dyed before 
or after fat liquoring : if before, the fat liquor sometimes 
tends to alter the shade ; if after, the dyeing tench to be 
uneven. Logwood extract and iron salts are largely used 
for blacks. It is common U) mordant chrome leather with 
vegetable tanning before d\i>ing. Sumach and gambier 
are often used for this purpose, and the usual “ fixing 
agents ” (tartar emetic, titanium salts, etc.) may also be 
used. 

Of the mechanical iini.shing operations staking is the 
most characteristic. It is now done entirely by machines, 
and tlu: ])rimary purpo.sc is lo soften the leather, which 
otherwise dries out in a nonqiliant and stiff condition. 
In the stiiking machine, the “ blade ” is lixed between 
lw( rollers, which arc however on the other side of the 
leatla r. The leather is held by the ojierator, and the 
machine “ head ” pulls a fold of the leather over the blade, 
v^easoning and glazing are also common for many chrome 
leathers. 
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Si^cTiON III. -CHROME CALF 


Till-: tannage of calfskins by the chrome processes for the 
manufacture of up])er leathers is one of the most extensive 
branches of leather manufacture. The deservedly popular 
box calf is ty])ical of the.se leathers, and the observafions 
of this section are primarily applicable to it. A chrome- 
tanned calf skin, fat liquored and blacked, provides as 
suitable an upper leather as could be desired for ordinary 
boots. It is at once supple and durable. It is also suffi- 
ciently waterproof, but can be given a bright glazed finish. 

In regard to the wet work for chrome calf, the general 
principles and methods discussed in the previous section 
are inuch to the point. It is essential to avoid undue 
plumping and the loss of hide substance. The skins should 
be washed clean as soon as possible. Three fresh waters 
are desirable, the goods remaining only a short time in 
each. Salted skins need more time, but the liquors must 
be ke|)t sweet. Drumming the skins in running water is 
very suitable for the first and last stages of soaking. 

The liming should be short but not “sharp,” i.e. 
mellow sulphide limes are suitable, depilation being carried 
out after about 7 days. The one-pit system is usual, but 
two liquors may be given, the green goods being first 
inserted into a used liquor, and after handling re-inserted 
into the same pit with a new lime liquor made up with 
lime, sulphide and a proportion of the old liquor^. vSeudding 
should be carefully done, as hair on the finished^eather is 
very objectionable. 

In delimpig it is essential to have the grain of the 
skins thoroughly relaxed and pulled down. The ^finished 
box calf should have a characteristic soft and silky feel, 
and this only attained by procuring the inelastic peltf 
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It is not surprising that a light puering is a popular method 
for attaining IJiis, but there is also a tendency to use 
artificial bates such as are made from ammonium chloride 
and pancreatin, together with organic acids, or ilon-swelling 
acids like boric acid. Drenching is also common after a 
preliminary deliming with acid. The skins may be half 
or two-thirds delimed with lactic acid, rinsed and drenched 
over night at 85° F. with 6 per cent, bran on the pelt 
weight. Less acid may be also used, in tepid water, and 
the drench made up witli 10 per cent, bran and a little 
pea Aieal. It is very common^ to pickle the skins in 5 per 
cent, alum and 5 to 10 per cent, salt before tanning. This 
is often of doubtful advantage, but sometimes prevents 
drawn grain when the goods are moved rapidly into strong 
chrome liquors. This pickling is said to give fullness to the 
leather. 

The tannage of box calf is usually by the one-bath 
process, though the two-bath ])roccss gives quite as good 
a result and is sometimes used. Again, drum tannages 
ar^ the most popular on account of their speed and the 
ecomnny of chrome. The practical problem is to use up 
all the chrome, and to tan quickly without “ drawing " 
the goods. It is, in any case, usual to commence the 
tannage in a used and nearly spent liquor and linish in 
a fresh liquor. The most appropriate way depends largely 
upon local convenience, the number of drums available, 
supply of labour, etc. In a one-drum system the goods 
may be started in an old liquor, which is run off when 
exhausted by the green goods. Fresh stock solution is 
then added at intervals of an hour or two and the drumming 
continued till tannage is complete, which is usually in 
less than ^4 hours. The remaining liquor is used to 
commence the tannage of the next pack. 

In another system the operation is similar except that 
the liquors are weaker, and the goods are then removed 
and finished in another drum. A three-liquor system, 
however, is often combined with a one-drum method ; 
nhe goods are thus not handled. The liquors are run off 
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and pumped to other drums, the once-used liquor to a 
drum containing goods already treated witli a twice-used 
liquor ; the twice-used liquor to a drum containing green 
goods, and the thrice- used liquor pumped to the drain. 

In any of these methods the chrome alum liquor is 
suitable, using lo ])er cent, alum and 3 per cent, soda on 
the pelt weight. The glucose liquor has also proved very 
suitable for cliromc calf, and the liquors made with sul- 
phurous acid or its salts have increasing popularity on 
account of lower costs. Many tanners use bought liquors 
— “ chrome extracts," whic^j, are supposed to be spefially 
devised to suit the tannage of chrome calf. When 
thoroughly tanned through, as can be readily judged from 
a sectional cut of the leather, and also by the strength of 
the liquor remaining, the goods are horsed in pelt overnight, 
and are then ready for finishing. 

In finishing box calf the neutralization should be 
thorough, or the acid may cause trouble in dyeing and 
fat liquoring. Imperfect removal of excess clirome salts 
may cause the formation of “ chrome soaps," which are 
very diflicult to remove ; the goods should therefore be 
well washed. There are two general types of treatment 
before blacking. In one, the skins are first well washed 
with water at iio^^ F., neutralized with about 3 per cent, 
borax, and well washed again. vStriking follows and is 
usually very thorough, partly because it assists in pro- 
ducing evenly the characteristic box grain, and partly 
because the finished leather is sold by the square foot. 
Machine striking is now almost universal, and may^be done 
several times at different stages in the drying. When 
half dry (“ sanmied ”) the skins are shaved by machine 
and, at this stage usually, weighed. Dyeiilg an^ fat 
liquoring then follows. In the other type, the^goods are 
merely washed, and then struck out, sammed, shaved and 
weighed. The skins are then neutralized, washed and 
immediately dyed and fatliquored. The advantages of 
this latter course are that the goods remain in tlie drum 
for the last four processes, vdiich is economical of labouif 
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and also that by neutralizing immediately before dyeing 
and fat liquoryig there is less danger of a further diffusion 
of acid. 

In dyeing logwood extract is largely used* occasionally 
a little fustic is used also, and by using a “ striker of 
iron and copper sulphates a good black is obtained, bog- 
wood is often used also in conjunction with coal-tar 
dyestuffs. The goods are first wanned in the drum up 
to 140 F., and the dyestuff solution gradually run into the 
drum whilst it is revolving. Up to f hour may be necessary 
to dthaust the bath, the gooc^s being constantly drummed. 
The fat licjiior is then run in similarly, and the druniining 
continued until the grease is all absorbed by the leather, 
which may take another hour. The skins are horsed till 
next day, during which time the grease penetrates more 
completely. 

The skins are now dried out, sometimes by suspending 
from the hind shanks and sometimes by nailing on boards 
or wooden frames. They are damped back for staking 
by leaving for to 2 days in moist sawdust. After 
staking they are dried strained in a “ stove " at about 
105“ F. 

In finishing off, the grain is “ cleared '' by sponging 
with 10 per cent, lactic acid, and seasoned with a mixture 
of milk, blood and blacTc dyestuff. When dry on the 
surface the skins are glazed by machine, and grained two 
ways— neck to butt and belly to belly. They are usually 
reseasoned, dried out, reglazed, regrained, lightly oiled 
with mineral oil, and finally trimmed. These various 
operations are fairly typical, but there is obviously ample 
scope for divergence. Thus one may fatliquor before 
dyeing, and the skins may be staked before drying out, 
and may J)e restaked after glazing. 

Much so-called “ box calf " is not made from calf skins. 
A very close approximation, however, is obtained from 
rather older animals, and “box-kip” is largely manu- 
factured by similar methods. Fight hides are also widely 
^used, being similarly treated except that the>^ are split 
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and also cut into two along the spine. The finished article 
is sold as “ box-sides.” To yield the characteristic grain 
pattern, the goods are frequently printed and embossed. 
Even the flbsh splits are sometimes made into box calf 
imitations, some lllling material being used and an artificial 
grain pattern embossed. 

Willow calf typifies the chrome calf which is finished 
in colours. The soaking, liming and deliming processes 
arc the same as for box calf. The tannage, however, is 
generally by the two-bath j)rocess on account of the lighter 
colour thereby obtained, ^'his colour is largely dine to 
the deposition of sulphur in and on the leather in the 
second bath. 

In one tanning process the skins are first pickled in 
2 per cent, hydrochloric acid and lo per cent. salt. They 
are then drummed in solution containing 2 per cent, 
dichromate (strength i in 60) for about half an hour. A 
solution containing 4 per cent, dichromate, 3I per cent, 
hydrochloric acid, and 5 per cent, salt is gradually added, 
and the skins drummed until well struck through. They 
are then horsed overnight and struck out and passed 
through a " hypo dip/’- a 2 per cent, solution of thio- 
sulphate,— -and then into the reducing bath, which contains 
10 per cent, of thiosulphate, to which 5 per cent, hydro- 
chloric acid is added. 

Another process employs paddles instead of drums. 
The chroming liquor is made up with 4^ per cent, chromic 
acid and 10 per cent. salt. The bath is exhausted by 
commencing the tannage of a succeeding pack. TJie skins 
are reduced as in the last process. 

In another proce.ss the “ acid ” type of chroming bath 
is used. The skins are paddled with a solution containing 
5 per cent, dichromate, 5 per cent, hydrochloi^c acid, 2 
per cent, aluminium sulphate, and 10 per cent. salt. In 
the reducing^bath 14 per cent, hypo and 4 per cent, hydro- 
chloric acid are used. 

In yet another process the skins are pickled* first in 
5 aluminium subhate, 7J per cent, salt, ancT 
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3 per cent, sulphuric acid, and are then dried out and 
sorted. The tjannage proper is in the drum, using 6 per 
cent, dichromate, 5 per cent, hydrochloric acid, and 5 
per cent. salt. In the reducing drum 15 per cent, hypo 
is used and 4^ per cent, hydrochloric acid. 

\\-hichevcr process of tanning has been used, the skins 
arc neutralized and wUvShed thoroughly, as for box calf, 
sammed and shaved. In dyeing, the skins are first 
mordanted with a filtered infusion of leaf sumach, used 
at i/o" for half an hour. As fixing agent, 4 oz. 
tarta’r cfiietic per dozen skins ys then added and the drum- 
ming continued for half an hour. The goods are washed, 
struck out and drum dyed at 140*^ F. with basic colours, 
and immediately fat liquored. In the fat liquors olive 
oil and castor oil, with the corresponding soaps, have been 
popular, but substitutes are now used on economical 
grounds. The skins are next horsed a while, well struck 
out again and dried strained. They are now finished off 
as for box calf, except that it is usual to grain only one 
wav — neck to butt — and the season should consist of milk, 
water and albumin only, though sometimes other muci- 
lagenous matters are added. As with box calf, the finishing 
may be varied in many ways. The skins may be dyed 
with acid colours after fat liquoring. For pale shades 
direct dyes are used without a mordant. For darker 
shades of brown and red, the dyewoods are used both as 
mordants and ground colours, and titanium salts are useful 
as fixing agents. 

Both^ the " box " and " willow " finish are largely a 
matter of public taste, and the fashion varies from time 
to time on such points as to whether the grain should be 
one way or* two ways, and whether it should be faint or 
. bold. Th^re are also other common finishes besides the 
typical box grain. Glace calf is made much in the same 
way as box calf, but there is no graining at all.^ The goods 
are usually seasoned and glazed three times. Small skins 
■ are preferred for this finish. Dull calf is also a plain 
finish. The leather contains more grease, and, the fat 
E. II 
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liquor is made up with greater proportions of degras. The 
goods are not seasoned or glazed, but ironed; “ sized ” with 
gum, oil, soap and logwood, and after brushing are dried 
and rolled, 'in both these plain finishes a one-bath paddle 
or pit tannage is common, in order to ensure the smooth 
finish. 


REl'EkENCES. 

Pnxtcr, " Principles of Leather Manufacture," p. 198. 
licnnett, "Manufacture of Leather,” pp. 55, 84, 105, 227, 360-363, 375. 
Bennett, "Theory and Practice in Wetwork of Chrome Calf,” Shoe and 
Leather Reporter, Sept., 1909. 



SectioxV IV.-CHROME GOAT AND SHEEP 

Immense (luaii titles of goat and sheep skins are chrome 
tanned for upper leathers. Most of them are manufactured 
into the well-known and popular Glace kid, to the manu- 
facture of which tliis section is chiefly devoted. To be 
quit'^ strict, glace kid sliould be made from kid skins, but 
actually comparatively few of such skins are used, they 
being reserved rather for glove leathers. The ])opular 
upper leather is made from goatskins. 

Chrome goat is deservedly popular ; it is an ideal upper 
leather for shoes and light boots. As compared with 
chrome calf (thicknCvSS and other factors being equal), it 
is not only softer and more pliant, but also more durable. 
It is usually, however, not quite so thick, and perhaps 
therefore not quite so warm and waterproof. The popu- 
larity of glace is probabl}' enhanced by the brighter and 
more glassy llnish than is usual with box. 

As the supply of goatskins is unfortunately too limited, 
an even more widely used glace U])per leather is made 
from shee])skins, and often sold as glace kid. From what 
has been previously said as to the quality of goat and 
sheepskin leathers (Part II., Sections II. and IV.), it will 
be readily understood that glace sheep is by no means 
so good a leather as glace goat. It is perhaps as soft, but 
is more*spongy and loose textured, and is neither so water- 
proof nor so durable as chrome goat. The ubiquitous 
sheep, however, provides an immense supply of raw 
matdial, and the resulting leather, which should strictly 
be regarefed as a glace kid imitation, (inds a ready sale. 
When well finished it is indeed a good imitation in respect 
of appearance, and this fact, together with its comparatively 
low cost* causes it to meet an undoubted public need. 

The production of glace goat will first be considered. 
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The soaking process is quite similar to that before described 
for the production of goatskin moroccos {q.v.) and need 
not be here repeated. The liming is similar in many 
respects also'; but from what was said in Section II. about 
the undesirability of excessive plumping of pelt for chrome 
leather, it will be clear that caustic soda should be omitted 
from the limes. The liming should also be shorter for 
glace than for moroccos, and this is attained both by using 
a greater proportion of sulphide and by using mellower 
lime liquors, preferably the latter, as soft pelts are better 
ensured. Calcium chloride Jias sometimes been added to 
the limes : this reacts with the soda from the sulphide, 
yielding salt and probably precipitating lime, and has its 
own lyotrope influence, thus reducing the plumping effect 
possibly in two ways. To obtain either effect it is 
necessary to use considerable amounts of calcium 
chloride. As goatskins are so tight fibred, a longer 
liming and a greater loss of collagen is permissible than 
with most pelts for chrome. The deliming operations 
should be exceedingly thorough in order to obtain the 
desired softness and the smooth grain. Puering is largely 
used to the full extent, i.e. the goods are thoroughly pulled 
down at 85°-90° I'., and are carefully delimed in the 
puer liquor. After puering it is common to give a low 
temperature drench V.), which of course acts 

slowly over a da>^ or two. The skins must be well scudded 
after puering or after drenching ; sometimes after both. 
The drenching is often substituted for purely deliming 
processes, of which may be mentioned the use of boric 
acid and also the use of warm solutions of the commercial 
organic acids (lactic, formic, acetic, butyric, etc.), together 
with calcium chloride. In place of the chloride, a salt 
of the acid may be employed, and the deliming ^battf may 
be regenerated by oxalic acid and used repeatedly. Some- 
times puerinp is omitted and the desired result obtained by 
washing in warm water, nearly deliming with warm solu- 
tions of organic acid, washhig again and drenching. Skins 
are also vvashed often after drenching. 
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III tanning chrome goat for glace the two-bath process 
is mostly pre^'rred. This is part!}' because the sulphur 
deposited in the reducing bath assists materially in pro- 
ducing the mellowness and fullness which are so essential, 
and partly because a large proportion of skins are hnished 
in colours. The two-bath process also lends itself to a 
paddle tannage, which is necessary for the smooth grain 
finish. One or two illustrative processes may be given. 

One process presents many points of resemblance to the 
first process sugge.sted for willow calf in Section III. iq.v.). 
The skins are first pickled ir* a paddle with 2 [)er cent, 
hydrochloric acid and lo per cent, salt, and then pass into 
the chroming paddle, which contains at first only 2 per 
cent, dichromate. Subsequent!) 4 per cent, dichromate, 
3^ per cent, hydrochloric acid, and 5 per cent, salt are 
added to the paddle liquor, and the skins paddled until 
well struck through. After being horsed overnight the 
skins are struck out by macliine, passed through a hypo 
dip if desired, and reduced with 12 per cent, of thiosulphate 
ai/d about 5 per cent, of acid. The skins may be left 
overnight in the hypo paddle, and the excess of thiosul- 
phate, which is a feeble alkali, commences the neutralization. 

In another process the chroming bath is made up of 
5J per cent, chromic acid ^ and per cent, of salt, and to 
this paddle liquor 2 or 3 per cent, of aluminium sulphate 
may be added if desired. The reduction is with 14 per 
cent, hypo and 7 per cent, hydrochloric acid. A little 
of the acid is added to the reducing bath ; when the liquor 
turns n/ilky, the skins are rapidly inserted, and the rest 
of the acid gradually added. 

In the finishing processes the mechanical operation of 
** striking ’* is very prominent, on account of the necessity 
of obtaining area and smooth grain. The skin of goats 
has rather a tendency to bold grain, and this enhances 
the need of striking. Most manufacturers laji great stress 
upon thorough neutralization and washing. An important 
point also is that the staking should be carried out at the 
proper condition of dryness. If either too damp or too 
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dry, the requisite mellow feel is not obtained. There is, 
of course, ample scope for variation and kgenuity, and 
the following processes for blacks and colours must be 
taken as broadly typical. 

The skins from the reducing bath are first machine- 
struck, and then immediately neutralized with one per 
cent, borax until this is thoroughly used up, and the skins 
are then paddled for many hours in running water. They 
are again struck out and lightly shaved, possibly after a 
little drying. There is a tendency to save time by using 
a stronger borax solution, mid by using warm or tepid 
water, and some factories save borax by washing well 
first in warm water. If for blacks a common plan is to 
dye grain and fiesh a violet-blue and then black the grain 
only with logwood and iron. The skins are drum dyed 
blue with a coal-tar dyestuff, drumming half an hour in 
the solution at iio'^ F.. and again struck out. They are 
then paired or pleated, and rapidly passed successively 
through three vats containing respective!)' cold weak 
ammonia, a logwood and fustic infusion at i2o‘' F., and 
a solution of ferrous sulphate containing a little copper 
sulphate. The skins must be immediately washed well 
to remove excess of iron. Instead of this process the skins 
may be passed through vats containing coal-tar blacks. 
Instead of blue backing the skins may be drum-dyed black 
on flesh and grain with either coal-tar blacks or with 
logwood and iron. In the latter case the skins must be 
drummed in water for an hour to remove excess of iron. 
However dyed, the skins are often struck out again after 
dyeing, and sammed slightly for fat liquoring. Neatsfoot 
oil is a popular ingredient of the fat liquor. The skins are 
drummed dry for a few minutes in a hot drum, and the 
fat liquor added at 130° F., and the drumming ^ continued 
after the grease has been taken up in order that it may 
be thoroughly distributed. The skins are struck out again, 
rapidly dried out, and wet back for staking in damp saw- 
dust. The staking should be thorough, and, if neceSvSary, 
repeated \»rhen the goods are rather drier. 
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In finishing off the skins may be fluffed if desired, and 
are then “ cleared ” by sponging with 10 per cent, lactic 
or acetic aci^. They are then seasoned and glazed after 
some drying. This is repeated until the required gloss 
has been obtained. They are finally oiled lightly with a 
mixture of linseed and mineral oils. On finishing dull 
kid a heavier fat liquor is given, in which degras is used, 
and the skins are not seasoned and glazed, but are ironed 
and oiled. In finishing for coloured glace, the skins are 
mordanted before dyeing by the use of dyewood extracts, 
antknony and titanium salts being used as fixing agents. 
The fat liquor should contain^less soap and more egg yolk, 
and for fancy shades even egg yolk only is sometimes used. 

The production of chrome glace sheep follows the same 
general lines as glace goat. There is less difticulty in 
obtaining smooth grain, so that “ striking " is perhaps 
less juomiiient, and drum tannages are })referred, whether 
one bath or two bath. The skins are received after fell- 
mongering (see Part II.,vSection IV.) and need thorough 
puering to remove scud, and may be then rinsed through 
boric acid. Pickling is very common with these goods. 
In the pickled state they are often sorted out before 
tanning. The pickling is usually a one-bath process in 
w'hich vitriol and salt or else alum and salt are used, but 
sometimes all three substances. The skins may indeed 
be received in a pickled state. They may be depickled 
by paddling with salt and borax, bicarbonate, or basic 
alum solution. They may also be tanned without de- 
picklin^ if the composition of the pickle be allowed for in 
the first chroming liquor. A commonly used pickle consists 
of 3 per cent, aluminium sulphate and 9 per cent. salt. 
If these goods are to be dried out, flour also may be used 
witfi the pickle, wliich thus becomes practically a light 
prehmiiflry alum tannage (see Part IV., Section I.). A 
commonly used acid pickle is of 5 per cent, commercial 
sulphuric acid and 25 per cent. salt. * 

The delimed or depickled stock may be tanned as now 
described. The two-bath process may be used with drums. 
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The chroming bath contains 5 per cent, dichromate, 5 
per cent, hydrochloric acid, and 10 per cent. salt. After 
the skins are thoroughly penetrated they are horsed over- 
night and reduced with 20 per cent, thiosulphate, up to 
7 per cent, of hydrochloric acid being added after half 
an hour in thiosulphate only. 

Alum pickled or tawed skins are wet back by drum- 
ming for about an hour in water, and are then tanned by 
the one-bath process in drums. Only a few hours are 
needed. Towards the end of the operation about J per 
cent, of bicarbonate of soda may be added to the chaame 
liquor. Acid pickled skins may be wet back with 10 per 
cent, salt, and depickled by adding a basic alum solution 
and the chrome tannage superimposed after about half 
an hour without handling the goods. The basic chrome 
alum liquor is suitable for this purpose. 

In linishing glace sheep much the same methods are 
used as in the case of glace goat. vSheepskins are perhaps 
more lightly fat liquored, being naturally soft and porous. 
Degreasing is often necessary to obtain an even finish. 
As sheep gives an empty pelt and chrome an empty tannage, 
a slight retannage is often given in gambier, especially for 
blacks, in which case the skins are well mordanted. This 
retannage makes the leather less stretchy. Dogwood and 
iron blacks are usual. For colours, fustic or sumach are 
the usual mordants, with tartar emetic to fix. If for glove 
leathers, skins pickled in alum and salt or tawed should 
be preferred, and flour may be used in the fat liquor. 

vSheepskin splits are sometimes given a chrome tannage 
and finished as chrome chamois. This leather may be 
used for linings, but not for polishing silver on account 
of the sulphur originating from the reduction bath. The 
splits are puered heavily, and pickled in 6 per cent, vftriol 
and 24 per cent. salt. They are paddled in this pickle 
liquor, and 4 per cent, dichromate added in successive 
portions. The fleshes are horsed overnight and reduced 
in 15 per cent, thiosulphate, to which a little hydrochloric 
acid is added if needed. 
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In finishing the splits are washed in warm water, 
neutraUzed in 'weak soda, and washed again. They are 
sammed by machine striking, and fat liquored, using much 
soap. They are then horsed, struck and dried out. They 
are staked several times after damping back, drying out 
again between stakiiigs. They are finally Huffed. 
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Section V.-^HEAVY CHROME LEATHERS 


The term “ heavy chrome leather ” is taken to include 
chrome sole leather, chrome strap and harness butts, water- 
proof chrome upper leathers, motor butts and picking 
band butts. These will be discussed in turn. 

Chrome sole leather, a:^ stated in Section I., has made 
headway in Britain during the Kuropean War, the Army 
authorities having recognized its great advantages in 
durability and waterproofness. At the time of writing, 
however, its manufacture has received a set back, and 
many factories are reducing their output. The primary 
cause of this is that the Army purchases have largely 
ceased, whilst the general public have not yet been educated 
to its value. Men who take chrome uppers for granted 
talk of cbrome sole as a “ leather substitute " with an 
implication that it is of inferior value. It must be recog- 
nized, too, that there is some interested opposition to its 
development. Cobblers and bootmakers complain that it 
ruins their tools, being so hard to cut. Now, it is manifestly 
impossible for it to be soft to cut and hard to wear out ; 
the complaint is therefore an excellent testimonial. There 
is also a stupid fear that an article which lasts twice as 
long will reduce repairs and retail sales by 50 per cent. 
Kven the manufacturer has sometimes a suspicion^ that a 
demand reduced in proportion to durability will not be 
balanced by an extended export trade. These points of 
view will become minor considerations when *the j)ublic 
realize its relative economy, and when the community as 
a whole grasp that a durable article is a natiuul asset. 
Meanwhile g^edit is due to those firms who persevere in 
their pioneering work of educating the public. 

The manufacture of chrome sole leather presents many 
analogies , with the vegetable tannages. The soaking and 
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liming should be about identical, but the hides for chrome 
are generalls’^^iven more sulphide and the depilation is 
reduced to about a week. The methods used for deliining 
differ widely in different factories. vSoine fleliine coni- 
])lctely with mineral acids, some even pickle in acid and 
salt, whilst others merely delime the grain with boric acid. 
The last is really quite sufficient. Again, in tanning one 
liiids similar divergences of method. Drum tanning is 
practised, but tannage in pits by suspension is more usual, 
though, as this last involves more dilute li(piors, it involve.s 
also greater time to tan. In^ drum tannages a few days 
only are sufficient. In pit tanning at least a week is given, 
but sometimes up to a month, according to the strength 
of the linal liquor and the rate of progress of the goods 
into stronger liquors. Liquors containing over i per cent, 
of chromium may easily be spent out so as to contain only 
o’or p'cr cent. Labour and time are saved in pit tanning 
by the use of rockers. The |)ress system of avoiding 
handling, however, so complicates the analytical control 
teot its advantage is doubtful, a better way being to shift the 
li(pn)rs by an air ejector, which may also be used as an 
agitator of the liquor and thus abolish the need for rockers 
(‘'Forsare” patent). Chrome butts are tanned out in 
suspension. No floats or layers are used. The neutralization 
need not be so thorough as for light chrome uppers, as dyeing 
is not practised and trouble doeSj^not^arise with emulsions 
made from sulphonated oils. Thorough washing is advisable, 
and the butts are usually then cut into bends and may 
be oilt^i before drying if desired. The bends are dried 
strained, to obtain flatness and smooth grain, for no 
machines, such as strikers and rollers, are usually employed. 
It is^ necessary to dry very thoroughly, for the bends are 
waterpre^fed by dipping the dry leather into molten waxes. 
The m<^ commonly used wax and the cheapest is paraffin 
wax with a m.p. of about 127'' F. It is rajlier a brittle 
wax, hqwever, and as the finished leather consists of up 
to one-third of the wax, it is better to use at least some 
proportion of hard fat, Japan wax or ceresip wax, to 
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obtain a stuffing material with less' crystalline texture. 
The use of 10-30 per cent, rosin in the ‘;^t tiffing grease 
is also usual. Tliis prevents the leather from being so 
slippery whhn in wear. The stuffing should take place 
at temperatures from 1 50^-1 95^^ F,, according to the 
melting-point of the grease employed. The bends are 
taken out and laid in pile to cool and set m a flat condition, 
and are then finished. 

The chrome tannage of butts for strapping and harness 
backs, and for motor butts and picking bands may be 
similar to that for chrome^ sole, but drum tannages are 
more common and the two-bath process is often used. In 
the latter case the acid chroming bath is preferred, using 
6 per cent, of dichromate and of acid, with up to 15 per 
cent, of salt, and reducing with 15 per cent, thiosulphate 
and acid as needed. This process assists in the production 
of the light colour which is preferred in the case of some 
of these leathers. 

Strap butts after tanning are very thoroughly washed 
with cold water in \nts, and repeatedly struck out by 
machine between the washings. They are then oiled with 
heavy mineral oil, and stretched by powerful machines. 
They are dried and curried during the stretching. Degras, 
wool fat and vaseline are greases used, and the drying 
and stretching finished off at 120'' F. They are then 
fluffed on the flesh, French-chalked and heavily rolled. 

Harness backs are neutralized, machine sammed, and 
lightly fat liquored with 4J per cent. soap. They are then 
struck and oiled with heavy mineral oil and di;ied for 
stuffing. Hand stuffing, drum stuffing, and “ burning in " 
are all used (see Part I., Section IV.). Stearin, paraffin 
wax, ceresiii wax, wool fat, sod oil and mineraFoil are the 
greases employed. The butts are blacked after stuffing 
with lamp black and oil, glassed well and buck-ic flowed 
on the grain. 

Motor butts are fat liquored lightly, using soap only. 
They have to be softened, therefore, during the drying 
by being piechanically worked. A boarding machine is 
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repeatedly used during the drying. They arc finished off 
with French ckalk on flesh and grain. 

Picking ^and butts are neutralized by using warm 
water and then borax solution, and are theiP sanimed by 
machine and very heavily fat licjiiored with cod oil and 
tallow and hard soap, to which degras may also be added. 
Up to 20 per cent, of greases (on the pelt weight) may be 
used. They are well drummed in this, struck out, French 
chalked, and dried out. They arc softened finally by 
machine. 

Waterproof chrome upper leathers arc manufactured 
usually from hides tanned by* the two-bath process, which 
is said to give a mellower leather. The neutral type of 
chroming bath is common. The butts are neutralized, 
machine sanimed and struck, and then fat liquored with 
2 per cent. Cvacli of neatsfoot oil and soft soa]>. They are 
then sammed, shaved and blacked on the grain with log- 
wood and iron, and dried further. They are stuffed then 
b)' brushing with an abundant amount of concentrated 
fat liquor. This gives the waterproof ness. They are 
staked after drying further, and often grained three ways. 
A further waterproof finish is given consisting of a fat 
liquor containing bees- wax. They are finally brushed 
and re-oiled with hnseed oil, to which some mineral oil 
may be added. This leather is much the most durable 
type for a shooting boot, or where waterproof uppers are 
desirable. 
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Part IV.-MISCELLANEOUS TANNAGES 


SiocTioN I.— ALUM TANNAGES 

Thk use of alum for making; pelt into leather is several 
centuries old. It was the lirst case of what are galled 
“mineral tannages.” The 'lamiage is closely analogous 
in theory to the chrome tannages discussed in Part III., 
and if soda be added to ordinary j)Otash alum in 
solution, a basic alum lifiuor is obtained which is 
((uite capable of yielding a satisfactory leather, and 
which is thus a strict analogy of the basic chrome alum 
liquor described in Part III., Section II. The range of 
basicity which is ])racticable is very limited, however, and 
it is much more usual to use common salt with the 
alum instead of soda. The alum is, of course, hydrolyzed 
and free sulphuric acid is quickly adsorbed, whilst the 
colloidal solution of alumina is adsorbed also but more 
slowly. The adsorbed acid tends to swell the pelt and 
to cause it to take up the alumina less readily. The function 
of the salt is to repress the swelling by a pickling action. 
The actual rc.sult is thus partly due to the alum tannage 
and partly due to the tem])orary tannage given by the 
pickle. Hence such tannages are not firmly “ fixed,” nor 
is the result water-resisting, for much of the lanning 
material may be washed out. If. however, such leathers 
be stored for a time in a dry condition, the alumina becomes 
much more firmly fixed, owing probably to a further 
dehydration of the alumina gel deposited upon ts^,e fibres. 
The tannage is thus relatively more “ irreversible,” and 
such storage is practised in commerce for this purpose, 
being known as the “ ageing ” of the leather. It will be 
understood that it is possible to use too great a proportion 
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of salt, the hygroscopic nature of which would keep the 
leather moist atid thus interfere with a glossy finish. About 
one- third thcVeight of the alum used is usually suflicient. 

All that has been said in Part III. as t# the empty 
nature of the chrome tannage is equally applicable to the 
alum tannages. It is as necessary therefore to employ 
fdling agents. A fat liquor is quite satisfactory ‘ for many 
purposes, but is too dark coloured and greasy for glove 
leather. Egg yolk is the favourite emulsion in tlie.se cases. 
It contains about 30 per cent, of an oil very similar to 
oleiii^and in very perfect emulsion. Olive oil is also largely 
olein and is also used, being eftiulsilied by the egg } olk and 
effectively reducing the pro])ortion required of this exiiensive 
material. Flour is also used as a filling agent. It acts also 
as a whitening agent and as an emulsifier. Its use enables 
the tanner to obtain the required fullne.ss without so much 
grensiness. Thus softness and fullness may be obtained, 
and >'et a glossy finish be po.ssible. It will be clear that 
the more flour is u.sed, the more oil may also be used. 

The materials mentioned, viz. alum, salt, flour, egg 
\ oik and olive oil, are all mixed together into a jiaste with 
some amount of water. The goods are drummed in this 
paste and then dried out. This operation is known as 
“ tawing." The goods are then “ aged " for several weeks 
and finished as required. 

The manufacture of “glove kid " from lambskins and 
kid skins is the most typical example of alum tannage. 
Lambskins are unwoolled very usually by painting the 
flesh with a mixture of lime and sodium sulphide. There 
must ifot be too much of the latter on account of its tendency 
to give harshness, a fatal defect in glove kid. The addition 
of calciuni, chloride is desirable, and the skins, which should 
be pulled as soon as possible, should be quickly placed in 
soft wj^r or weak lime. For kidskins a set of lime liquors 
may oe used, and in preference to sodium sulphide red 
arsenic is employed. About one per cent, /ealgar on the 
weight bf the lime is used, but more often larger quantities 
are preferred, even up to 6 per cent. The liming is thus 
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shortened to 4 or 5 days. Fresh lime liquors are some- 
times used without any sulphides. Another method is 
to place the skins in a paste of lime to which realgar has 
been added fn slaking. In any method it is necessary to 
saj)onify or emulsify the grease on the grain, or difficulties 
occur ill dyeing and finishing. 

Skins whicii arc to be tawed for glove kid are both 
puered and drenched. They arc heavily puered at 70® F. 
for 3 hours, or even longer for the heavier skins. After 
scudding they are drenched with 10 per cent, bran and 
some pea meal at ()5‘^ F. for a few hours only. ^ 

In preparing the tawing paste, the flour should be 
mixed with te]nd water ; the egg yolk should also be 
diluted with tepid w\atcr slightly, and strained if necessary, 
and tlien added to the flour. The oil is then carefully 
mixed in. The alum and salt are dissolved separately at 
110° F. and added to the flour and oil. The tawing paste 
should be used at about 105" F. For every hundred 
medium-sized lambskins there will be required : 10 lbs. 
flour in 2^ gallons water, i quart preserved egg yolk, 3J 
lbs. alum and i} lbs, salt. The skins are drummed in this 
for an hour or so and dried out on poles rapidly, but not 
with great heat. This is essential to get “ stretch." They 
are next wet back, staked, dried and staked again. The)’ 
are then “ aged." 

To wet back for dyeing and finishing the skins are 
drawn through warm water and then drummed in water 
at 95° F. for 15 minutes to wet evenly and thoroughly. 
This liquor, which contains much of the tawing material, 
is run otT and replaced by the dye solution, e.g. fustic or 
turmeric, with which the goods are drummed for half an 
hour. Iron, chrome or copper salts may b» used for 
saddening. After this '' bottom " colour is obtained, a 
coal tar colour is added for “ topping " and the cflNynniJig 
continued until the required shade is obtained. The excess 
liquor is now run off, and the materials lost in soaking are 
replaced by drumming further with egg yolk and salt for 
^ inutes. This is knowm as “ re-egging." Blacks are 
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obtained with logwood and iron. After re-egging, the 
skins are dried out and staked. They are “ seasoned ** 
with a weak ‘'emulsion of soap and oil. dried, oiled lightly 
with linseed oil, ironed, re-oiled and linally brusked. WTiites 
are undyed, and 10 lbs. French chalk per 100 skins is used 
in re-egging. 

“ Calf kid is a once popular but now obsolete upper 
leather made b\' tawing calfskins. The skins v ere well 
plumped in limes, delimed by washing and drenching, 
tawed much as for glove kid, split, dried out rapidly, staked 
and i^ged. They were linished dull and black with soap 
and wax. * 

The various white leathers used for belts, laces, whip 
lashes, aprons, covers for stoppi'red bottles, etc., are very 
usually made with an alum tannage. Alum, salt and flour 
only are used. Whitening is also mixed in and acts as 
neutralizing agent as well as pigment dye. 

W’ool rugs are manufactured from suitable sheepskins 
by an alum tannage. They are iirst well cleaned, using 
soap on wool and flesh. They are next degreased by 
painting with fullers earth paste and drying. They are 
tawed by painting the tlesh with a strong solution of alum 
and salt, or even by rubbing on the solid salts. They are 
dried out, aged and sorted for suitable colours. The 
dyeing is rather difhcult, as many artificial dyestuffs are 
of no u.se. It is usual to bleach the skins first in a weak 
solution of bleaching powder, and afterwards to dye with 
infusions of the dyewoods, e.g. logwood, fustic, sandal- 
wood, terra japonica, quercitron bark, turmeric, indigo, 
etc. Vat dyeing is usual. After dyeing, retanuing with 
alum and salt is necessary, on account of the loss of these 
in bleaching and dyeing. Rugs are usually finished black, 
whitt^, grey, brown, walnut, crimson, blue or green. 
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Section II.-FAT TANNAGES 

For the manufacture of a ])erniaiieut leather the essential 
requirements are that the fibres of the hide or skins gel 
should be dried in a separate condition, and that they should 
be coated by some waterproof or insoluble material. Many 
substances fulfil the first but not the second of these con- 
ditions. For examjile, the (^hydration only may be accom- 
plished more or less by salt (as in curing hides), still better 
by salt if a little mineral acid be used (as in pickling), and 
by other salts such as potassium carbonate and ammonium 
sulphate, and dehydrating agents such as alcohol. vSuch 
" temporary leathers,” however, are not water-resisting, as 
the second requirement has not been fulfilled, viz. the 
coating of the fibres with some more or less waterproof 
material. Thus if jielts dehydrated with alcohol be treated 
with an alcoholic solution of stearic acid, the second con- 
dition is fuUilled and a permanent leather is obtained. 

Now, many tanning agents accomplish these two require- 
ments only imperfectly. As we have noted in the preceding 
section, the alum-tanned leathers are not very water resist- 
ing, and much of the tannage will wash out. Feathers 
made by the vegetable tannages usually contain some excess 
of vegetable tanning matters which are soluble in and 
removed by water, though much tannin can no longer be 
thus removed, owing to the mutual precipitatioy of the 
oppositely charged tannin sol and hide gel. The necessity 
for fulfilling the second requirement mentioned is one reason 
for the practice of following these tannages by ‘ applications 
of oil, fat or of both. In this way the isolated fibres are 
not only dried separately, but are coated withSi? typical 
water- resisting material. 

In the fat tannages an attempt is made to fulfil this 
second requirement without the use of any specific “ tan- 
ning ageflt ” for producing the first requirements ; i.e. an 
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attempt is made to dr}- the fibres separately in an " un- 
tanned " condition, and to coat them simultaneously witli 
fat so that a permanent leather is obtained. It is only 
])ossible to do this, if the pelt is constantly during dr>nng 
subjected to mechanical working, by twisting, folding, 
bending, drumming, staking, etc. The resulting leather is 
often called “ rawhide leather,'’ and presents a real advantage 
over other leathers in its great tensile strength. Where 
toughness is an essential quality, there is much to be said 
for the fat tannages. It is also possible, of course, to elTect 
ccm||romises between ordinary tannages and the straight 
fat tannages ; thus picking band butts, which must be 
tough, are often very lightly tanned with oak bark or 
chrome, and then given what is practically a heavy fat 
tannage. In the most typical of fat tannages, moreover, 
it is often common to “ colour ” the goods by a brief immer- 
sion i’.' a weak vegetable tan liquor. Further, the employ- 
ment of fats in the currying of dressing leather is in effect 
a fat tannage superim})Osed upon the vegetable tannage. 
(See Combination Tannages, vSection VI.) 

The fat tannage is undoubtedly one of the earliest 
methods for making leather. Prehistoric man discovered 
that the skins of animals killed in hunting could, by alter- 
nately rubbing with fats and then drying slightly, be 
eventudlly converted into* a useful leather, whereas without 
the fat it w'as stiff and horny. liven yet similar methods 
are in use, tliongs of raw hide being continually twisted during 
drying, with intermittent application of fats. 

In the modern fat tannages drums are used to give the 
necessary mechanical working to the goods. The raw hide 
leather produced in the U.vS.A. is made by drumming the 
nearly delimed goods with tallow and neatsfoot oil. In this 
country the fat tannages have been typified by the “ Crown " 
and “ IJ dvetia " leathers. The hides are thoroughly limed 
in mellow limes, and after the beam work are delimed by 
drenching, scudded, and sometimes fleshed agJin, and then 
coloured* off in tan liquor. After partial drying, they are 
drummed warm for some hours to ensure isolation of he 
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fibres. After further drying they are coated with the tanning 
paste, which consists essentially of soft fats and flour to 
produce partial emulsification. Equal parts of soft fats 
and of flourtmay be used, to which may be added smaller 
proportions of degas, cod oil, mutton tallow, salt, together 
with about 25 per cent, water. The goods are coated with 
this mixture, drummed, and dried further, and this routine 
repealed as often as necessary to fdl the interstices thoroughly 
with fat. The temperature in the drum may reach 95^" F. 
In finishing an attempt is made to stuff further with grease. 
The goods are thoroughly set out, dried a little, and goated 
again, flesh and grain, witfi a mixture of tallow, cod oil, 
glycerine and degras, and dried further. The excess grease 
is slicked off and the goods again set out and grained. They 
are then dried out. 
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Section III.— OIL TANNAGES 


Thkrk arc very obvious analogies between the fat tannages 
discussed in Section II. and the oil tannages now to be dealt 
with, but there is nevertheless a distinct departure in principle 
invol /ed. In the oil tannages^ the ineclianical treatment is 
generally more vigorous, and the “ drying " process is 
conducted at a much higher tem])erature, with the result 
that there is a vigorous oxidation of the oil. This results 
in the formation of insoluble oxidation ]>roducts which coat 
the fibre and play an essential part in the production of a 
permnnent leather. Pungent vapours are evolved in the 
drying operations, amongst which is acrolein and probably 
also other aldehydes, and it is thought by Procter that these 
aklehydes also are essential tanning agents and typical of 
the j)rocess (cf. Section IV.). I'ahrion considers that the 
tanning action is due solely to unsaturated fatty acids with 
more than one double linkage. Garelli and Apostolo, 
however, believe that the tannage is due to a coating of 
fatty acid whether saturated or not. These observers made 
leather with stearic and palmatic acids in colloidal aqueous 
solution. 

The manufacture of chamois leather from the flesh 
splits qf sheepskins comprises the largest and most typical 
branch of the oil tannages. The sheq) pelts are split in 
the limed state, and the fleshes are given another sharp 
hmiijg whfch may last up to a fortnight. They are next 
“ frized,” i,e, scraped over the beam with a sharp two- 
handloi knife, to remove roughness and loose fat. The 
goods are next thoroughly washed in runnipg water and 
drenched. A paddle drench is often preferred, and if not 
used the handling should be frequent. Paddling drenching 
reduces the time required from about i6 houri to about 
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6 hours. An hour or more in a hydraulic pres§ removes 
superfluous liquor and some more grease. The fleshes are 
separated, coaled and then stocked for 30 minutes to equalize 
the moisture in them. After removing from the stocks 
they are sprinkled on both sides with cod oil and thrown 
back into the stocks for a few hours. They are then dried 
cold for a day or two. The stocks used are similar to those 
once popular for softening dried hides during soaking, and 
consist of two heavy hammers which fall alternately upon 
the goods which are contained in a curved box below. The 
result is a mechanical knei^ing action. The fleshed arc 
again sprinkled with cod oil, restocked for a few hours and 
dried again, this time at 100° F. They are then repeatedly 
sprinkled, stocked and dried, the last operation being 
conducted always at an increasing temperature until finally 
the final “ heater ” is even up to 160° F. As the operation 
proceeds it is advantageous to hang the splits also nearer 
one another, and in the final “ heater " they are quite close. 
The next stage is to ])ack the goods quickly into suitable 
boxes and allow them to “ heat,” i.c. to oxidize further. This 
is a rather critical stage in the process, and to prevent over- 
heating (" burns ”) it is often necessary to open out and 
repack into another box, w ith possibly some little intermediate 
cooling. They are turned over thus re])eatedly until the 
oxidation is complete, and then spread out to cool. 

The fleshes are now a dark browm colour, and are next 
treated to remove excess of oxidized oil products. The 
goods are di])ped through water at 110° F. and then subjected 
to hydraulic pressure. The grease and water which exude 
are allowed to separate by settling, and the thick yellow' oil 
so obtained, known as “ degras,” forms a valuable material 
for leather dressing, as it more readily emulsifies "with v'ater 
than many oils, and impart tliis quality to other greases 
mixed with it. A further quantity of a similar oil is detained 
by paddling the goods w'ith a weak soda solution. The liquor 
obtained is treated with sulphuric acid to neutralize the 
alkali, and the grease recovered is known as “ sod oil.” The 
fleshes are* now well washed with hot water (140° F.), fat 
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liquored with cod oil and soft soap, machine sammed, either 
by a wriiijer of a centrifuge, and then dried out. 

Much chamois leather is also made in France by closely 
similar methods. The skins are usually oiled «n tables and 
folded up before stocking, (^ther marine oils (seal, whale, 
etc.) replace cod oil. (kmerally speaking the oxidation is 
more moderate, and the grease from the hydraulic press 
(moellon) is mixed with other fish oils to form commercial 
degras. An inferior quality of degras is obtained by subse- 
quent treatment with soda. 

The crust chamois obtained as above has only to be 
thoroughly staked to soften, *“ grounded ” and “ fluffed 
to raise the nap, and then trimmed, and the ordinary wmsli- 
leather is obtained. 

If intended for glove leathers superior skins are selected. 
These are fluffed carefully upon emery wheels, using first 
a coaise surface and eventually a fine surface so that a fine 
velvet effect is attained. Tlie skins are next bleached. 

In the “ sun bleach " or “ grass bleach " the goods are 
staked in a ij per cent, soft soap solution and exposed to 
su iliglit after being wTung. They are bleached in about 
3 days in summer, but nearly a fortnight may be necessary 
in winter. 

In the permanganate bleach, wliich is less tedious, the 
skins are first degreased by soaking in a warm J per cent, 
solution of soda crystals and then drumming for 30 minutes 
in water at 95° F. They arc then paddled in a J per cent, 
solution of commercial permanganate for an hour at the same 
temperature, rinsed through water, and the brown manganese 
dioxide is then removed by paddling or drumming the goods 
in a 3 per cent, solution of sodium bisulphite to w'hich 
Indrochlofic acid is added as required. The goods are 
welf washed in warm water, and are then “ tucked,” i.e. 
placed in a vat of boiling water containing a little soft soap, 
just for a few seconds. The goods shrink and curl up, and 
they a|;e then dried out at 120^-140° F. to* fix the tuck. 
They are then staked, fluffed, and dyed. 

In dyeing with coal tar colours the alizarin folours may 
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be used after mordanting with chrome alum. Direct dyes, 
natural dyestuffs and pigment dyes are also used. The goods 
are struck out after dyeing, lightly fat liquored with com- 
mercial egg ;^olk, dried out at iio'^ to 120° F., staked and 
fluffed on the face side. 

Buff leather is a similar leather made from hides. They 
are limed mellow for a fortniglit, unhaired, fleshed, and then 
limed again for another week in sharp limes. The grain is 
then split off, and the goods rinsed and scudded, slightly 
delimed and hung up to dry. The>' are then treated in 
much the same way as fleshes for chamois, but lime is ^f ten 
added to the cod oil used in sfocking. 

Buck leather is a similar product obtained from deerskins, 
but mucli mock buck is made from cheaper raw material. 
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Section IV.— FORMALDEHYDE TANNAGE 


Tiik use of formalin for hardening gelatin has h ng been 
known, but it was left for Payne and Pullman to devise a 
commercial ])rocess for tanning pelt into leather by means 
of fc'inaldeln de (H.CHO) solutions. Their process, which 
was patented, specitied the use of alkalies in conjunction 
with formaldehyde or other aldehydes. The function of 
the alkalies is not very obvious, for it has been sliown that 
formaldehyde will tan also in neutral and in acid solution. 
The preci.se action of the aldehydes is also as yet somewhat 
obscuie, but it is noteworthy that ver>' small proportions 
of formalin will give a complete tannage. It is probable 
that the action of formaldehyde is not perfectly analogous 
v^ ith that of its homologues, for it is a most reactive substance, 
and will certainly with proteids undergo reactions which 
are not analogous to those with other aldehydes. The 
leather obtained by tanning with formalin is quite white 
and resembles buff leather, but has advantages over the 
latter in that no bleaching is necessary. 

According to the patent specifications the pelt should be 
drummed in water and the tanning liquor— -a solution of 
formalin and sodium carbonate — added gradually at 15- 
minut^ intervals. Up to 6 hours for light skins, and up to 
48 hours for heavy hides, are required for complete tannage. 
The temperature is raised during the process from loo'^ to 
1 18® ¥. The tanning liquor may be made from 16 lbs. of 
commercial formalin (36 per cent, formaldehyde) and 32 lbs. 
soda (80 per cent. Na2C03) in I0“i5 gallons of water. This 
should be added, one gallon at a time, to 4 cwt. pelt in 100- 
120 gallpns of water. After tannage is complete the goods 
should be paddled with a i J per cent, solution of ammonium 
sulphate to remove the soda, and “ nourished " iu a solution 
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of soft soap and salt, about 2 \ per cent, of each on the weight 
of pelt. The goods are then dried out, and iliay fie finished 
like chamois, buff, and buck leathers (Section IIL). 
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Section V.— SYNTHETIC TANKING 
MATERIALS 

In spite of much valuable work on the constitution of the 
vegetable tannins and the compounds usually associated 
with them, such as that of K. Fischer, K. Freudenberg and 
their collaborators on gallo-tannic acid, and that of A. G. 
Perk' A on ellagic acid and catcchin, we arc still in the dark 
with respect to the constitution of the tannins which are of 
commercial importance, and any synthetic production of 
these materials is thus out of the (question as yet. Attempts, 
however, have been made to j>roduce artificially substances 
which possess similar pro])erties to the tannins and which 
may be used for converting pelt into leather. Into this 
category fall some of the earlier attempts to synthesize 
gallo-tannic acid by heating gallic acid with condensing 
rer^gents. 

'i'he first commercial success in this direction was attained 
by Stiasny, who produced condensation products of the phenol- 
sulphonic acids, to which products he gave the general name 
of “ syntans " (synthetic tannins). The Badische Co. 
placed one of the.se products on the market as “ Ncradol D,” 
and later took out subsidiary patents for the manufacture 
of similar products by slightly differing methods of pro- 
ductions. vSince the outbreak of the liuropean War such 
patent, rights have been suspended, and several British 
firms have been manufacturing synthetic tanning materials 
by similar methods, but doubtlCvSS with developments and 
improvemdhts of their own discovery. These products {c.g. 
Cresyntan, Maxyntan, Paradol, Syntan, etc.) are now in 
use in many factories, and assist rather than substitute the 
vegetable tannins in producing leather of the desired colour 
and quality. 

These synthetic tanning materials resemble the vegetable 
tannins in the following respects. They are organic acids 
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containing phenolic groups. They arc semi-colloidal, passing 
slowly through semipermeable membranes. They precipitate 
gelatin, basic dyestuffs and lead acetate, give a violet-blue 
colour with ferric salts, and convert hide into an undoubted 
leather. They differ from the vegetable tannins in that 
they contain sulphur and sulphonic acid groups, but they 
agree in tliat both are aromatic derivatives. In each case 
the tanning effect is diminished by alkalies, but the synthetic 
materials are the more .sensitive. 

Methods of Manufacture. — There are, broadly speaking, 
three tv pes of method by which these condensation pr(^ucts 
are produced, viz., condensation by formaldehyde, condensa- 
tion by jdiosphorus trichloride or similar reagents, and 
condensation by heat alone. Illustrative methods will now 
be given. 

Condensation by formaldehyde was the first method used. 
The procedure is given by the Austrian patent 58,405. A 
phenol, crude cresylic acid, is heated with the equivalent 
amount of sulphuric acid for a few' hours to ioo”-2io° C., 
cooled, and formaldehyde added slowly whilst cooling and 
.stirring, in the proportion of one molecule of formaldehyde 
to 2 molecules of phenol. The free mineral acid is neutralized, 
and the resulting product is the .syntan “ Ncradol.” By 
this procedure only w^ater-soluble products are obtained, 
but an alternative process is to heat the phenols in slightly 
acid solution, and then to render soluble the resinous products 
obtained by treating with sulphuric acid. The proportion 
of fortnaldehyde to phenol used led Steasny to conclude that 
the resulting products were diphenyl-methane derivatives 
w'hich polymerize to form molecules of considerable size. 
The formaldehyde supplies the “carbon bridge.” This 
view was criticized by A. G. Green as too sinqile, and he 
suggested the alternative theory that polymerization does 
not take place at all, but that more advanced or higher 
condensation products are formed ; he thought that 0- 
hydroxy-beiizyl alcohols were first produced, th^t these 
condensed w ith another molecule, and afterwards the process 
was repealed. The result was a “colourless dyestufi/’ 
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This view receives some support from the other types of 
method of manufacture. 

With the use of other condensing reagents the procedure 
may be as in the process of the B.A.S.F. (Fr. pa^. 431,875-6), 
thus : 225 parts of o-cresol-sulphonic acid are heated to 
60® C. for 4 hours with 262*5 parts of phosphorus oxychloride. 
The excess of oxychloride is removed by distillation under 
reduced pressure and the residue washed witli dilute h>’dro- 
chloric acid. 

Condensation by heat alone is illustrated b}* the method 
givei^ in the same patents, thus : j)lienol-p-sulplionic acid 
is heated to 130'^ C. for 24 houts under a pressure of 20 mm. 
or in a current of dry air at atmos])lieric pressure. The 
product may be used direct or may be purified by dissolving 
in water, neutralizing with caustic soda, filtering and evapo- 
rating to dryne.ss. A white powder is obtained which tans 
wlien its solution is acidified. An alternative is to mix 
phenol with sulphuric acid and heat the mixture to 140" C. 
for 72 hours under 20 mm. pressure and purify as before. 

Methods of Use. — The synthetic tanning materials may 
be put to many uses. When well manufactured they make 
practically a white leather, and this fact makes a valuable 
opening for their use in connection with light leather tan- 
nages and the dressing of rugs. It is also claimed that they 
improve the colour usually obtained in the ordinary vege- 
table tannages. If used in the susiicnders to the extent of 
5-10 per cent, they are said to brighten the colour through- 
out the tannage. If used in bleaching and finishing they 
are said to lighten the colour of the finished leather. About 
5 per cent, on the weight of the goods may be added to the 
bleach or vat liquors ; they may be also mixed with sumac 
during fitishing, and in effect act as a sumac substitute ; 
solutions are also brushed over the grain before oiling, with 
a view to obtaining good colour. It is also claimed that 
their use prevents vegetable-tanned leather from becoming 
red under the action of sunhght. The syfitans are also 
used to* lighten the colour of chrome leather, even of chrome 
sole leather after it has been dipped. 
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It is claimed also that syntans produce a tough leather, 
and if used for heavy leather in the early stages they give a 
tough grain and assist in avoiding a cracky grain. On this 
account thej^ are also recommended for re-tanning E.I. 
tanned kips. When used in heavy leather suspenders they 
are said to get rid of lime blast (CaCO.^) and to quicken the 
tannage, i.c. to enable the same weight to be obtained in 
less time. Procter suggests that a tannage of commercial 
value might be obtained by blending them with wood pulp 
extract. 

If used alone for tanning a series of pits containing hquors 
of 4^ to 37*^ Bkr. may be used, but drum tannages may be 
given using liquors of i4°-29° Bkr., the goods being tanned 
in 6-8 hours. About 30 per cent, of syntans are said to be 
necessary for complete tannage. 
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Section VI.-(«MBINATrON TA^^NAGES 

The formation of leather being due to the adsorption of 
colloidogenic substances at the interface of the tanning 
liquor and the hide gel, there is the obvious possibility that 
several such substances may be used simultaneously, and 
that the resulting leather Jiiay be due to the combined effect 
of these substances. Indeed, the average vegetable tannage 
consists of such a combination tannage, each tanning 
material contributing its own individual tannin and 
characteristic astringent non-tannins. There is evidently 
also the possibility that the difTerent iypcs of tannage 
discussed above might be used either simultaneously or 
successively, and that a leather might be obtained which 
combines to some extent the qualities of each of the types 
in combination. It is such a case that is generally called 
a “ combination tannage.” There are many conceivable 
combinations, and in tins section will be chiefly discussed 
a lew which have demonstrated some commercial possi- 
bilities. Some of these have already received notice in the 
preceding sections. The manufacture of curried dressing 
leatheis is a combination of vegetable and fat tannages. 
The manufacture of waterproof chrome ui)pers illustrates 
a combination of chrome and fat tannages. The use of 
“ syntans ” in conjunction with vegetable tanning materials 
is also a combination tannage. The case of chamois leather 
is posSibly a combination of aldehyde tannage with fatty 
acid tannage. Two-bath chrome leather is a combination 
of chrome^ sulphur and fat tannage. Formaldehyde and 
vegetable tann^e is also a known possibility. It is clear 
that there are possibilities of endless complexity, and that 
what normally may appear as a simple tannage is in reality 
a ver>' complex combination tannage. From t4iis standpoint 
one miglit instructively consider the successive adsorptions 
involved in a goatskin tanned first with syntans, then with 
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oak bark, “ retanned " in sumac, mordanted with chrome, 
dyed with coal-tar dyestuffs and finally oil^d with linseed 
oil. It will be easily seen that in a very strict sense nearly 
all tannages ^are combinations. 

Usually, however, the term “ combination tannage " is 
confined to those cases where the main tanning agents not 
only differ in type, but where none are in predominant 
quantity. A typical case is that of “ semichrome leather,'* 
in which a vegetable tannage is succeeded by a chrome 
tannage. Ivl. tanned sheep and goat skins are rather 
heavily “ stripped ” of their vegetable tannage and heavy 
oiling, by drumming with warm soda solutions, ancf after 
washing with water are chromed with the one-bath process ; 
they are neutralized, dyed, fat liquored and finished for glace 
upper leatlier. 

In a precisely similar way kips and split hides which have 
received vegetable tannage are stripped and retanned in 
chrome and finished as for box calf, of which they are a good 
imitation, vSuch vegetable-chrome combination tannages 
possess many of the properties of chrome leather. 

To chrome the pelt linst and afterwards to subject it to 
vegetable tannage is also an obvious possibility, but has not 
yet been made a commercial success in this country, but has 
been increasingly used in the U.vS.A. during the War. 

Another typical case of combination tannage* is the 
dongola leather produced by the use of gambier and of 
alum and salt. This is a vegetable-alum combination, and 
yields a good quality leather for light uppers, gloves, etc. 
Goatskins for “ glazed dongola ” are paddled tanned in 
gambier liquors, and alum and salt are subsequently' added. 
They are tanned in 24 hours, well washed, and are fat 
liquored without ageing. The K.I. tanned skii\s may also 
be stripped with soda, and retanned in alum and salt, using 
flour also if desired. Dull dongola are first tawed and then 
retanned in gambier liquor. “ SuMe ” and “ velvet calf " 
are also tawell and retanned with gambier. 

Yet another case of combination tannage is that of sheep- 
skins for glace uppers, which are first tawed thoroughly 
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. 

With aluiii, salt and flour and dried out for sorting, and are 
then reta|ined in chrome by the one-bath process, and 
finished as usual. Closely related to this is the method of 
pickling ” in alum and salt and then cJirome tanning. 

Another case is the combined one-bath. two-*bath method 
of chrome tanning. The goods are chromed by a one-bath 
liquor containing dichromate (.say 2 percent.), and then pass 
into a reducing bath. There is not much advantage in such 
procedure, however. 

From a strictly commercial point of view the “ dongola " 
and scmichrome leathers have proved the most successful 
combination tannages, but there .seem to be possibilities in 
combinations of the vegetable tannins with synthetic tanning 
materials. 

Many other substances are known to tan, iron salts, 
cerium salts, sulphur, quinones, fatty acids, the halogen.s, 
etc,, etc. ; hence there is always the possilfility that new 
useful combination tannages may be discovered. 


REFERENCl'S. 

Bennett, " Manufacture of Leather,” pp. 2.13, 374-5 
Procter, ” Principles of Leather Manufacture,” p. 236. 



Section • VIL— THE EVOLUTION OF THE 
LEATHER INDUSTRY 

Tim leather trades are aiiion^^st the oldest of all industries, 
but their evolution has been much more rapid during the 
last two or three decades than at any other period of their 
history. The Ihiropean War, moreover, has caused the 
commencement of another jXTiod of rapid develoiPinent, 
and it is the aim of this section to point out some of the 
principal lines of change which have alread>^ become apparent. 

Many of these lines of evolution in the methods of 
manufacture have been previously discussed in their appro- 
priate sections. They may all be summarized as attempts 
at more economical production. Prominent amongst them 
is the persistent effort to attain (juicker processes. During 
the last tvvent>'-live years the time necessary to produce the 
heavy leathers has been reduced from 12 months to as 
many weeks. The tendency is to reduce the time further 
still, but this is of course increasingly dilficult to accomplish. 
On the other hand, it is more urgent to strive in this direction 
than ever, because a needless week involves more capital 
lying idle than ever before. Moreover, as most leather 
factories are now large works, a saving even of 24 hours 
has become a serious item in economic production. Hence 
in liming, bating, tanning, drying and in warehousing there 
are increased efforts to make a quicker turnover. 

A good illustration of this “speeding up" in modern 
tanneries is the adoption by all large factories of much more 
rapid methods of extracting tannin. On the old*^ press-leach 
system liquors may be percolating through the material for 
possibly a fortnight. The extract manufacturer reduces 
this operation to about two days. Steam generated from 
the spent bark is used to heat the extracting vat§, and to 
work a vacuum pan or evaporator whereby more water can 
be used and a more complete as well as a more rapid 
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extractiop obtained. Tlie evaporator also makes easy the 
preparation of the strong li(piors used in modern tanning. 

Hand-in-hand with quicker production and manipulation 
are the attempts to obtain a larger turnover. * It is realized 
that the big business attains cheap ])roductio!L l^veii before 
the war the smaller factories were disajipearing. A small 
tannery must now either extend or close down. This has 
been better realized in the heavy than in the light leather 
trades. In the sole leather tanneries vcr>' often many 
thousand hides per week are i)ut into work, but in the glace 
kid factories there is nothing yet to corre.spond to the 
output of American glace factories, which sometimes reaches 
three or four thousand dozen a day. 

Another very prominent feature of factory evolution 
is the increased use of labour-saving machinery Tliis 
practice has been in operation for a considerable time, but 
witli marked acceleration during the last few years owing 
to the labour shortage occa.doned by military service. This 
development of machine work has largely disj)cnsed with 
i;;at labour which involved any skill or training. The 
journeyman currier is now practically extinct. In the 
beam house, too, fleshing, unhairing and scudding are 
rapid!}' becoming machine instead of hand operations. 
Many devices are now being adopted also which reduce the 
quantity of uiLskilled labour needed. Instead of “ handling " 
the goods from ])it to pit, modern tanneries aim at moving 
the liquors. Thus in the “ Forsare and “ Tilston " systems 
of liming, hides arc placed in a ])it and lie undisturbed until 
ready ioi depilation, the soak liquors and lime liquors being 
supplied and run off just as required, whilst these liquors 
are agitated as often as desired by means of a current of 
corny resse(f air. This agitation replaces the “ handling " 
up and down once practised. In the tanyard proper the 
same tendency is at work, “ rockers " are increasingly 
preferred to “ handlers/’ and an inversion of tbe press leach 
system permits the exhaustion of tan liquors b}^ a gravity 
flow, and so avoids the handling forward from pit to pit. 
There is also a tendency to install lifts, overhead runways, 
trucks on lines, motor lorries, etc., to replace carrying 
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barrowing, carting, etc., and so to arrange the tannery that 
the minimum transport is needed. 

All these lines of evolution involve more intensive pro- 
duction, and^ necessitate much more careful supervision. 
It is not surprising, therefore, that the industry now feels 
that scientific oversight and administration arc essential. 
A dozen }‘ears ago the trade chemists were largely un- 
qualified men, whose work lay solely in the laboratory, 
and consisted mainly in the analysis of materials bought. 
To-day all large tanneries have qualified chemists, and it is 
realized that they are the prcy:tical tanners. Their fuiaction 
is so to control the manufacturing proceSvSes that all waste 
is avoided, and so to correlate and co-ordinate the manu- 
facturing results with the analytical and experimental records 
of the laboratory, that constant improvements are made in the 
methods of production. The extended use of machinery, and 
the necessity for economy in coal and power, give the engineer 
also very large scope for useful work. Modern business con- 
ditions, moreover, have made necessary more skilful clerical 
work and accountancy in the large oftices of a modern tannery. 

In the creation of cordial relationships between capital 
and labour in the leather trades, there has been un- 
fortunately little progress. The leather trade is not a 
sweated industry. Its workers have alwa3\s enjoyed Reason- 
able hours of work. In most factories an approximate 
48-hour working week (involving no night work) has long 
been in operation. The industry, however, is not one in 
which high wages obtain. The average tannery worker 
receives a wage which is never much above the level of 
subsistence. This is mostly due to the fact that he is 
usually a quite unskilled labourer, and is therefore on the 
bottom rung of the labour ladder. In addition to this the 
work itself is often distressingly monotonous, and makes 
little demand upon the intelligence of the worker. The 
trade conseqv.ently offers little attraction to the intelligent 
labourer. The old system of apprenticeship is now quite 
obsolete, partly owing to the rapidity of the changesoin the 
methods of manufacture, partly to the specialization of 
labour which results from the development of large factories^ 
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and partly also, because to understand modern tanning 
involves 'a b3tter general education than most workmen 
receive. It is indeed frequently difficult to find competent 
under-foremen for the different departments of the modern 
leather factor}\ Until recently leather workers have been 
either unorganized or badl}' organized, and their views and 
complaints have been confused and sporadic, but during 
the war period there has been a very rapid extension of 
trade union movements, and consequently a more articulate 
expression of the demands for “ democratization as well 
as “a greater share in the fruits of the industry. In the 
leather trades, however, tin. gulf between the unskilled 
labourers and the wealthy employers is perhaps unusually 
wide, and there is little disposition on the part of capital to 
recognize the equity of either of the above demands of 
labour. Generally speaking, the leather trade firms are not 
public but ])rivate companies. There is absolutely no trace 
of co-partnershi]) " or “profit-sharing” schemes, or of 
co-operative production. There is little recognition that the 
trades’ prosperity should be shared in aii}^ way by the work- 
pi ople, and still less recognition of any right to a voice in in- 
dustrial conditions. This condition of affairs has an ominous 
reaction upon the attitude of labour, which believes that it is 
producing great wealth but not obtaining much more than 
subsistence. It is not thcTunction of this volume to pronounce 
a verdict upon the wages question or upon the democratiza- 
tion of the leather trades, but one may be permitted earnestly 
to hope that if such be the future lines of development, there 
will be also, as an absolutely e.ssential part of any such 
schemes, a much higher standard of education amongst the 
workers, for this is the only satisfactory guarantee that the 
voice of iabour in council will have any practical value, or 
th5t higher wages will be at all wisely used by the recipients. 

In his instructive and valuable volume on “ The Evolu- 
tion of Industry,” Prof. MacGregor points out that modern 
iudusty^ has evolved three outstanding types, viz. the 
Co-operative Movement, the Trusts, and the methods of 
Public Trading. He also suggests that these types tend to 
blend. In the leather industry co-operative and municipal 
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production are unheard of, but t'he industry has certainly 
developed along the lines of the large trusts.* Large busi- 
nesses have replaced small, and later still have formed local 
federations, which in turn have combined tb form the 
"United Tanners’ federation." War conditions have 
certainly stimulated evolution towards the trust type. The 
United Tanners' Federation has become possessed of powers 
which were not originally contemplated, such as the purchase 
and distribution to its members of hides, bark, extract, sul- 
phide and other materials. How far some of these arrange- 
ments will be permanent is problematical, but one beneficial 
result is thot the allied trades’ have certainly realized more 
thoroughly their unity of interests. This is shown by the much 
freer collaboration of the tanners, and by the encourageinent 
now given to similar collaboration between their chemists. 
More evidence is found in the proposals for combined research. 

There is also considerable reason to believe that there 
is some movement in the direction of partial State control. 
There is little doubt that evolution along trust lines will 
make this less dillicult and possibly more desirable. The 
country cannot afford the spectacle of a Leather Trust 
permauenlly at war with a Labourers’ Union. The public 
has realized that the well-being of the leather industry is 
vital to the national safety. It has realized that the leather 
trades are great producers of national wealth, and that 
increased production with the development of the export 
trade will materially assist to restore the countr} ’s financial 
position. It has realized also its own right to protection 
from bad leather and from exorbitant prices. On all these 
grounds it is probable, though there may be some reaction 
from the present position, that the State, which has already 
got its fingers in the pie, will refuse to draw thenuout alto- 
gether. The Imperial as|)ect of the question affords some 
further justification for this attitude. The leather trades 
operate very largely upon imported material, ana it is clearly 
desirable that there should be close co-operation betw'een the 
home industry and the colonial supplies of material. Here 
too the war has also given a great stimulus in this direction. 
Indian myrabolans has long been a staple tanning material. 
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South African wattle bark has during the last few years 
replaced ^inos: completely, and probably to a large extent 
permanently, Turkish valonia. There has also been great 
increase in the im])orts of Indian ki])S and of J^outh African 
hides, and it is not at all an impossible pro])Osition to main- 
tain a self-contained Imperial Leather Trade, should this be 
necessary. French chestnut extract, and (piebracho extract, 
however, are much too valuable tanning materials to exclude 
for merely sentimental reasons. These instances indicate 
po.ssible advantages in Imperial co-operation, but also show 
the n‘"ed for caution in the elaboration of such schemes. 

Although a partial, and indeed increasing, measure of 
vState Control is probable, there has been as yet no serious 
proposal to nationalize the leather industry. vSuch a pro- 
position, indeed, is hardly ripe even for discussion. Until 
the nationalization of transi)ort and of mines is a proved 
succcns, and until the merely distributive undertakings of 
the municipalities (c.^. of coal and of milk and other foods) 
are past the experimental stage, any ])roposition to nationalize 
the leather trades seems premature. It is noteworthy, 
h«'v/ever, that in Queensland, Australia, the (lovernment have 
the right to commence and to administer vState Tanneries. 

Any progress in the direction cither of democratization 
or ot nationalization, has been certainly postponed by the 
sudden and unprecedented trade slum]) which commenced 
in the earlier part of i(|2o. This de])re.ssion, in spite of heavy 
falls in the prices of raw materials, has made economic 
production a much more difficult })roblem. It has un- 
doubtedly given a further stimulus to evolution towards the 
trust type, and created a further tendency towards the closing 
of the smaller factories, and the employment of labour-saving 
devices. When the general fall in j)rices has made an appreci- 
able* fall in the cost of living, some reduction in the leather- 
workers’ wag^s, together with more efficient work, will also 
contribute to the solution of the difficulty. It is chiefly to 
be desired, however, that the export trade shouVl be restored. 
The ’ *-ealization of this hope depends largely upon the 
establishment of peace and prosperity abroad, and the con- 
sequent stabilization of the various foreign exchanges. 
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Section I. -PROPERTIES OF GELATINE 
AND GLUE 

Many of the chemical properties of gelatine, especially#those 
which distinguish it from other proteins, have been described 
in the Introduction to this volume, and need no further 
comment. In this section its colloid nature and behaviour 
will chiefly be considered, for these points have greatest 
importance from the standpohit of industrial chemistry. 

It is hoped, moreover, that this section will be of interest 
not only to the chemist concerned in the manufacture of 
gelatine and glue, but that it will be of value also to those 
concerned in leather manufacture. The difference between 
the “ collagen ” which composes the hide fibre and the 
high-grade gelatines is so small that for many practical 
puqioses it may be considered negligible. Thus the de- 
scription of the behaviour of a gelatine gel is very largely 
applicable to a hide gel also. 

Gelatine has been crystallized by von Weimam by 
evaporating a dilute solution in aqueous alcohol whilst in a 
desiccator containing potassium carbonate, the temperature 
being maintained at 60^-70° C. The carbonate talfes up 
water only, and the concentration of the alcohol therefore 
slowly increases until the gelatine is no longer soluble. 
Gelatine is usually found and known in the coHoid state, 
however, and its behaWour in this state only is of practical 
importance. 

The fundamental idea of modem colloid chemistry is 
that colloids are heterogeneous systems, usually two-phased, 
in which one phase is liquid and the other phase either 
liquid or solid. The latter phase, which is divided into smalj 
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separate volumes, is known as the disperse phase, whilst 
the other* is the “continuous phase “ or “dispersion 
medium.” The “dispersity” is the degree to which the 
reduction of the dimensions of the disperse plyise has been 
carried, and is best exi)ressed numerically in terms or 
“specific surface,” i.e. surface area divided by volume, but 
it is also often expressed as the thickness or diameter of a 
film or particle. When the dispersity is not high, we have 
ordinary “suspensions” and “emulsions,” which with 
increasing dispersity merge into the typical colloids. By 
analogy, colloids have been divided into “ suspeiisoids ” and 
“emulsoids,” when the dispeise phase is solid and liquid 
respectively. The classification, however, has not been 
found satisfactory, for some systems in which tlie disperse 
phase is undoubtedly liquid, exhibit characteristic properties 
of suspeiisoids, and vice irrsd. A more satisfactory division, 
therefore, is found in the presence or absence of affinity 
between the two phases, tlie systems being termed “ lyophile ” 
and “ lyophobe ” respectively. If water be the continuous 
phase the terms “ hydrojihilc ” and “ hydroiihobe ” are 
often used. Broadly speaking, the lyophile colloids corre- 
spond to the emulsoids, and the lyophobe colloids to the 
suspeiLSoids. (lelatine is a typical hydrophile colloid. 

Another fundamental idea of colloid chemistry is that the 
great Extension of surfdee involved in a high dispersity 
causes the surface energy to be no longer a negligible fraction 
of the total energy of the system, and that the recent 
advances in knowledge respecting surface phenomena may 
be called in to assist in the explanation of the special pro- 
perties of the colloid state. Particles wdiich exlnbit the 
Brownian movement, about io“®cm. diameter, down to the 
limit of microscopic visibility (10“^ cm.) are termed microns. 
Particles less than this, but just visible in the ultra-micro- 
scope (5x10"*’^ cm.) are termed submicrons. Particles still 
less, approxinlately 10 ~ 7 cm., have been shown to exist, and 
are termed amicrons. The dimensions of molecules such as 
may exist in true solutions are of the order of 10 “S cm. A 
colloid sol may contain particles of various sizes. Thus a 
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gelatine sol (like other lyoj)hile systems) contains chief! 
amicrons, but subniicrons are also observabltf. 

I. The ContinuoUvS Phase 

Owing to the contractile force of surface tension, it : 
concluded that the surface layer of a liquid is under ver 
great pressure, much greater than the bulk of the liquic 
Any extension of the surface of the liquid naturally cause 
a corresponding extension of the proportion of liquid wliic 
is thus compressed. If in a beaker of water there be place 
a porous substance, such as animal charcoal, there is i^grer 
extension of the surface of the water, and a correspondin 
increase in the amount of compressed water. If instea 
there be substituted a large number of very small particle 
of a substance, a still further increase in the amount of con 
pressed water is involved. As the spccillc surface of tL 
substance inserted is increased, and its amount, the propo 
tion of compressed and denser water increases also, until : 
is a practically appreciable percentage of the total volum- 
It is clear also that the extent of the zone of compressic 
will be determined also b\' the nature of the substance wit 
which the water is in contact at its surface, i.c. by the extei 
to which it is hydrophile, and this indeed may be the mo 
important factor. 

Now in a gelatine sol we have the necessar}' conditioi 
for a S)'Stem in which the compressed water bears an ui 
usually large ratio to the total, owing to the enormoi 
surface developed by the minute particles of the disper 
phase (amicrons) and to the unusually wide zone of cor 
pression surrounding each particle caused by the strong 
hydrophile nature of gelatine. It should be pointed o 
that these zones of compression do not involve any abru 
transition from the zone of non-compression, the l?iy 
nearest the particle is under the greatest pressure, and t 
concentric layers under less and less pressures, the actu 
compression biiiig tlius an inverse function of the ^stan 
from the particle. Now if there be a gradual increase m t: 
concentration of the sol, the time will come when the 
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zones of compression begin to come in contact, and the 
system wil^ then show a considerably increased viscosity. 
With further increase in concentration the zones of com- 
pression will o^'erlaj) throughout the system, and when the 
laj ers under considerable pressure are thus continuous, the 
whole system will acquire a rigidity much greater than water 
and approaching that of a solid body. This is a gelatine gel, 
or “ jelly.” W'itli increasing concentration the jelly becomes 
increasingly rigid, and if it be eventually dried out under 
suitable conditions it forms what is j)ractically solid body — 
gelatine — which, however, still contains from 12 to 18 per 
cent, of water. 

It will be clear that, in the case of gelatine jellies {c.g. of 
3~io per cent, strength), an increase in temperature will 
cause an increase in the kinetic energy of the particles and 
effectively reduce the zones of coni])ressioii. Indeed, they 
may be reduced to such an extent that they are no longer 
in contact, and the rigidity due to the continuous contact of 
the la3'ers of great compression will then disappear ; as w^e 
sav usually, the jelly melts. On cooling, the decreased 
kineiic energy of the water molecules results in the return of 
the state of conq)ression, witli rapidly increasing visco.sity 
and eventual gelation ; as we say usually, the jelly sets. 
Neither of these changes takes place at a definite temperature 
(like a ruelting-point), and in ” melting ” (solation) or in 
" setting ” (gelation) the temperature-viscosity curve is 
quite continuous. By various arbitrary devices, however, 
approximate melting and setting points may ai)i)roximately 
be determined. The results also vary somewhat with the 
conccnfl-ation of the gel or sol. Gels between 5 and 15 per 
cent, strong melt about 26''-30° C. and set at i8"’-26'' C. 

On this view, we must regard a gelatine gel as a continuous 
network of water under great compression, and in tliis net- 
'work are zones of still greater compression, which surround 
the particles of the disperse phase— the gelatine itself, and 
zones of less compression wliich in a w^eak gel, ♦at any rate, 
fhave a compression equal to or much the same as the normal 
state of* compression in water. 

One consequence of this system is, that when a piece of 
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gelatine swells, there is a considerable enlargement in the 
zones of compression ; in other words, some,* at feast, of the 
imbibed water is compressed. Now the compression of 
water meanj that work is done, and when gelatine swells, 
therefore, we expect—and actually find— that heat is 
liberated (57 cal. per g. gel). Hence also by the I,e Chatelier 
theorem, we expect—and find— that gelatine swells best in 
cold water. Further, the compression of water involves a 
decrease in volume, and we therefore expect—and actually 
find — that the volume of the swollen jelly is appreciably less 
than the volume of gelatine plus the volume of water imbibed. 

Anotlier consequence o^ such a compressed system is 
that a gelatine jelly, even in water, will have a surface tension 
towards water just as the -water itself has such a tension to 
the water vapour above the liquid. This interfacial tension 
of the jelly will of course have a contractile effect, and will 
tend to resist swelling and to limit it as far as it possibly can. 
This force, tending to contract the jelly and resist imbibition 
is therefore one of the main influences at work in the swelling 
of gelatine, and is one of the two principal factors which 
determine the extent of tlic maximum swelling when equili- 
brium is established. The force tending to resist swelling is, 
in the ultimate, just surface tension. Its actual magnitude 
depends, of counse, mainly upon the extent of compression 
in the dispersion medium of the gel, and will be a resultant 
which is a function of this compression. The magnitude 
will thus var>^ with the average compression in the con- 
tinuous network of compressed water. It will be obvious 
that as the jelly swells the power of resisting the swelling 
will decrease, and the interfacial tension v^ith the External 
water will tend to disappear. If the force tending to swell 
were great enough the swelling would continiuic until the 
zones of compression w'ere no longer in contact and the gel 
would become sol. 

As suggested above, it is probable that the extent of the 
zones of compression is determined by another factoj in 
addition to the great development of surface. That factor 
is connected if not identical with that power which makes 
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the system lyophile, and is evidently connected also with the 
solubility of the disperse phase, and may indeed be electro- 
chemical forces tending to form a series of hydrates, or at 
least to cause an orientation or definite arrangements of the 
water molecules in the zone of comi)rcssion. This idea 
receives some support from the hydrate tlieory of solution, 
and the zones of compression and orientation are the colloid 
analogue of the h\'drates supposed to exist in solutions of 
electrolytes. The extension of such zones on cooling are 
then analogous with the series of hydrates formed, for 
instances, by manganese chloride with 2, 4, 6, ii, or 12 
molecules of water when crystallized at temperatures of 
ao'’, 15°, -"21°, -"30°, and 48° C. respectively, the idea 
being that the salts most h\’drated in solution crystallize 
with most w’ater. 

As the compression is tlic result of two factors, one of 
w'hich depends u])on the nature of the disperse pha.se, we 
expect™ and find -in otlier lyophile systems a considerable 
variation in their power of gelation. Some indeed, though 
ver>^ viscous, e.g, egg albumin, never cpiite set like gelatine, 
and others {e.g. agar-agar) set to a stiff gel from a much 
weaker sol than gelatine. When the zones of compression 
are large, as in gelatine, the magnitude of the compressing 
force on the outermost part of the zone is relatively .small, 
and it Is not surprising that time is necessary for the victory 
of this force over the kinetic energy of the water molecule.s. 
Hence we find a 5 per cent, jelly sets readily on cooling, but 
its elasticity increases steadily for many hours after it has set. 
This phenomenon, known as hysteresis, we should expect — 
and find — to be much more marked in a case w'here the zone 
of compression is unusually large (e.g. an agar gel). We 
should ds(J expect—and find—that h)^steresis is more marked 
in a* high-grade gelatine than in a low-grade gelatine where 
both eventually form gels of equal elasticity. We should 
expect too—and we find—that hysteresis is more prominent 
in weak, gels than in strong. These points are of obvious 
importance in testing gelatine by its elasticity, e.g. the well- 
known finger test.’' 
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There are also other facts and considerations which have 
an important bearing upon the point under discussion. It 
is necessary ultimately to regard true solutions of electrolytes 
and other Ijodics as heterogeneous, though'’ perhaps of a 
rather different order. From this point of view molecules 
and ions existing in an aqueous solution will present a surface 
and have associated zones of compression analogous with 
those suggested for the minute particles of gelatine. 

Now recent investigations have shown that the essential 
physical properties of water are affected by dissolved sub- 
stances in a definite manner and to a fixed extent, a^d that 
these substances exhibit a sequence in order of their effect. 
This sequence is also exhibited in the essential properties 
of water as solvent and as dispersion medium for colloid sols. 
The sequence is known as the “ lyotrope series." Thus the 
numerical value of the compressibility of aqueous solutions 
is reduced below tliat of wmter by salts which, with the same 
kation, exhibit an effect in the following order 

CO3 > VSO4 > Cl > Br > NO3 > I 

This same order is observed, in the effect on the increased 
values for the surface tension, density and viscosity of these 
solutions. On the other hand, the kations have a similar 
sequence of effects, 

Mg < NH4 < U < K < Na < Rb < Cs 

which appears when salts of the same anion are chosen. It 
is not surprising to find that this lyotrope scries exhibit an 
analogous iniluence on the chemical reactions of w'ater, c.g. 
the hydrolysis of esters. In the Indrohsis by acid3 SO4 
retards the action, the other anions and the kations accelerate 
it, in the lyotrope order. In the h3^drol}sis by bases the 
series is reversed. Similarly the lyotrope series exert^the 
same order of effect upon the inversion of cane sugar and 
other reactions. 

This lyotrppe influence has also been shown to exert 
considerable effect in the behaviour of lyophile sols. With 
the lyophobe sols the addition of foreign substances ap- 
parently affects the disperse phase only, but with the 



PROPERTIES OF GELATINE AND GLUE 207 

lyophile sols the effect orf the continuous phase is also 
important? aivi may overshadow the other. Now, in 
gelatine and* in hide gels and tanning sols we arc dealing 
with lyophile sy stems, and there are many points of behaviour 
in which ly otrope influences become prominent, v^imilar effects 
are observed upon other lyophile sols {e.g. albumin, agar-agar, 
etc.) which differ widely in chemical nature. Thus the 
salting out of albumin (reversible precipitation) is influenced 
by sodium salts in lyotropic sequence as follows. The anions 
hinder precipitation; in order of precipitating power they arc: 
citrate^'"^ tartrate > SO.1 > acetate > Cl > N()3>C103>1>CNS 

The sulphates illustrate the kation effect, which is indepen- 
dent and which favours precij)itation : 

l4>K>Na>NH4>Mg 

If the experiments be carried out in faintly acid solution this 
order of effect is exactly reversed, iodide and thiocyanate 
having the greatest effect and citrates the least. The coagula- 
tion temperature of albumin and the coagulation by other 
organic substances are similarly influenced by the lyotrope 
series, 

T> otrope influence also exerts a powerful effect on the 
behaviour of gelatine sols and gels. The gelation tempera- 
ture is influenced thus 

raised by SO4 > citrate > tartrate > acetate 
lowered by Cl < CIO3 < NOn < Br < I 
The kation effect (small) is Na > K > NH4 > Mg 

Other lyotrope substances raise or lower the temperature 
thus 

glucose > glycerol — (HgO)— alcohol < urea 

The effect *on gelation is also illu.strated by the change of 
viscosity of the sol with time. The same lyotrope order is 
found. . 

In the salting out or precipitating of gelatine with salts, 
the orde» of anions is lyotrope : 

SO4 > citrate > tartrate > acetate > Cl 
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Alsolihe osmotic pressure of gelaHne sols is markedly lowered 
by neutral electrolytes in lyotrope sequence > 


Cl>S04>N03>Br>T>CNS 

Similarly'' lyotrope influences are shown in the modulus 
of elasticity : substances which favour gelation increase 
elasticity, whilst substances which favour solation decrease 
elasticity. The order is again lyotrope. 

The permeability of the gel is affected by l\-otrope in- 
fluences ; alcohol and glycerol reduce diffusion through 
gelatine (or agar) ; and urea, chloride and iodide increase it. 
(Similarly the diffusion of f.ols through “ semipernfeable " 
membranes is affected by lyotrope influence.) The lyotrope 
series also influence the optical activity of gelatine sols and 
the double refraction of strained gels. 

The .Swelling of gelatine (and other gels) is very strongly 
influenced by the lyotrope substances and merits more 
attention than it has received. Hence this lyotrope influence 
exerts a profound effect in the manufacture of gelatin, and 
perhaps even greater in the manufacture of leather. This 
is only to be expected. If a gel comprise a continuous 
network of compressed water, as suggested above, the 
presence of other substances in the gel which cause increases 
or decreases in the compression must modify accordingly 
the properties which depend upon this state of compression, 
such as the viscosity of the melted gel, the rate of gelation, 
the elasticity of the gel, and the rate and extent of its 
imbibition. This indeed we find to be the case. Now 
the substances which affect the compressibility, surface 
tension, etc., of w’ater least, i.e. the substances prdflucing 
little or no compression of water, are just those which 
reduce tlie compression of water in a gelatine jelly^ and cause 
a decreased viscosity, elasticity, surface tension, etc., <, and 
which therefore naturally allow the gel to swell more than 
in pure water. Conversely, the substances which cause the 
greatest compression of water, the greatest increase in its, 
surface tension and viscosity, are also the substandes which 
increase the compression, viscosity, elasticitj^ and ’Surface 
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tension of gels, and which therefore hinder imbibition. The 
effect on swelling is as follows : — 

Sodium-siilpfiate > tartrate > citrate > acetate ; > alcohol > 
glucose > cahe sugar ; (water) chlorides-potassium < sodium 
< ammonium ; sodium-chlorate < nitrate < bromide < 
iodide < thiocyanate < urea. 

As the amount of compression will depend upon the 
amount of substance, we expect — and find — that the effect 
is usually additive, and that suitable mixtures of substances 
having an effect in the opposite sense will produce no change. 

Th^» interpretation of lyot^ope influence is of course 
somewhat speculative, but considered as a surface pheno- 
menon, the surface specific of the molecules and ions of the 
lyotrope substance must be one of the factors involved. 
One naturally also connects the effect with solubility and 
the tendency to form hydrates in solution, the zones of com- 
pression being zones of orientation and of electro-chemical 
attraction. The hydrate theory of solution again affords 
an instructive commentary. The fact that, broadly speaking, 
the polyvalent anions and the monovalent anions also group 
themselves together, suggests that electrical forces are at 
work, and the order of effect of monovalent anions almost 
suggests that what are called “ residual valencies " are in 
operatk)!!. It is difficult tP resist the conclusion that in the 
lyotrope influence, in the crystallizing of salts, and in the 
formation of a gel, we have zones of compression and orienta- 
tion which arc manifestations of the same forces — surface 
and electrical ; the chief differences in the case of gelatine 
being ^hat the zones are larger and that the electrical effect 
is perhaps of less definite magnitude. 

However these things may be, the fact of water com- 
pression determines the rigidity of the gel, and the changes in 
this compression of the continuous phase determine the 
surface tension resultant which hinders swelling, and which 
is one of the two main factors fixing both the^rate at which 
gelatine Swells in water, and the final volume attained by 
the gelf 
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Before leaving this point, it is desirable to note the effect 
» on the swelling of gelatine of the extremes of this lyotrope 
influence. vSubstances like iodides, thiocyanates and urea 
prevent a gelatine sol from setting to a gel at all, and a piece 
of gelatine in such solutions swells rapidly until it solates. 
On the other hand, sulphates, tartrates, etc., make a stiffer 
gel on account of the enhanced compression. Gelatine in 
such solutions may swell, but at a much slower rate than in 
water and with a decreased maximum extent. A gelatine 
gel may in such solutions not only fail to swell at all, but 
actually contract and in some cases, indeed, be practically 
dehydrated. If a gel be in a very concentrated solution of 
such a substance, it may be that the lyotrope compression 
in the external solution is greater than the compression in the 
dispersion medium of the gel ; in which case the surface 
tension effect is reversed, and the external solution tends to 
increase in volume and the gel to contract. Hence we find 
that the saturated solutions of such substances as ammonium 
sulphate and potassium carbonate will dehydrate a gel almost 
completely, and will also, by a similar action on pelt, make a 
kind of white leather. It is important to remember this 
contractile effect of strong solutions of salts, because it is 
very easy to confuse this effect with a similar result produced 
in another manner, viz., by a reduction of the force tending 
to swell. ' 


2. The Disperse Phase 

A very important feature of the colloid state is that the 
particles of the disperse phase appear to possess an electric 
charge, and if this cliarge be removed a colloid sol no longer 
remains such, but precipitates, floculates, coagulates, etc. 
As to the origin of this cliarge several theories, have been 
advanced, but the most generally accepted is that it, is a 
result of the adsorption of electrically charged ions by the 
particles of the disperse phase. The enormous specific 
surface possessed by this phase renders it particularly liable 
to such adsorption. This view harmonizes well also with 
the general behaviour, of colloid sols and gels, in endolsmosis, 
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kataphoresis, precipitation, etc, Accordini; to this i>oint of 
view the particles of the disjierse ])hase are surrounded by a 
surface layer in which these ions are in iiiucli greater concen- 
tration than in the volume concentration of tiie dispersion 
medium. The hydrion and hydroxyl ion are particularly 
liable to such adsorption. In the case of a l\'ophile colloid, 
like gelatine, the charge may be either ])Ositive or negative, 
according to the nature of the predominant ions in the 
dispersion medium, and the amount of adsorption is deter- 
mined b\ the concentration of these ions in accordance with 
the adv>rption law. 

In clTect, therefore, the particles of the disperse phase 
each carry an electric charge of the same nature, and as 
similarly charged bodies re])el one another, the particles of 
the disperse phase will tend to se))arate and to oe'cupy a 
bigger volume. It is the author’s opinion that this repulsion 
of similarly charged particles is the cause of the swelling of 
gelatine. The amount of charge and force — tending to 
swelh -is due possibly to several ionic adsorptions, which 
may be considered to operate independently, and the j)Ower 
ot vej)ulsion is determined by the nett charge, which in the 
case of a “ positive colloid " is positive, and in the case of a 
"negative colloid ” is negative. As ions possess different 
electric^charges, the charge on the disperse ])hase is subject 
to the valency rule. 

Now the repulsive force between two similar and similarly 
charged bodies is proportional to the amount of charge and 
is inversely i)roi)ortional to the square of the distance between 
them, ^ The amount of charge on a colloid particle will be 
determined by the dispersity— best signified by the specific 
surface (s) — and by the operation of the adsorption law 
i • . 

y=m^c». The distance between the particles varies with 
the degree of s\\x*lling, and Ls determined by the cube root of 
the volume of ^e gel (?i). Hence if F be the force tending to 
make the gelatine swell, we may write 

= ^y 
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Now with all electrolytes, even with water, we have both 
positively and negatively charged ions, and y is consequently 
determined by the difference in the amounts adsorbed. 
Hence in the*case of an electrolyte with an eqiial number of 

1 1 

oppositely charged ionsy = muic^i ~ ma2C^^i, where a 2, and 
Hi, n2, are the appropriate constants for the particular ions 
concerned. Hence at constant temperature, pressure, etc., 
we may write 

sw(^,fn — a2C«) 
vi 

* 

The force tending to make a ])iece of gelatine swell is pro- 
portional to its mass, which is perhaps fairly obvious. The 
swelling force is also an inverse function of the volume of the 
gel, and as swelling proceeds therefore the force tending to 
swell further decreases. The force tending to swell is pro- 
portional to the specific surface of the disperse phase, other 
factors being constant. To illustrate tliis one has only to 
imagine that one particle of the disperse phase be split into 
two particles each carrying half the original charge. It is 
clear that a new repulsive force becomes operative, whicli 
did not before intluence the swelling, and that the distance 
between the particles is halved. In the swelling of gelatine, 
however, we may consider the dispersity constant for 
constant temperature, and if we consider unit mass we see 
that the force causing swelling depends upon the operation 
of the adsoiy)tion law and upon the degree to which the gel 
is already swollen. 

Ill the swelling of (say) one gram of gelatine J:o its 
maximum, both the contractile force of surface tension and 
tlie expanding force of electrical repulsion are in operation. 
At the commencement the latter is much the greater force — 
hence the rapid imbibition. Both these forces decrea^ in 
magnitude as the swelling proceeds, but the force tending to 
swell decreases at a more rapid rate, and the time comes 
when it has decreased to the precise value of the force tending 
to resist swelling. At this point equihbrium is estcblished 
and the maximum swelling attained. Obviously this 
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maximum will in many cases be determined largely by the 

value of adi - This factor, therefore, demands 

particular consideration. 

Now, unfortunately, the adsorption law Constants for 
the different ions have not yet been niinierically detennined, 
so tliat we are still somewhat in the dark as to the operation 
of ionic adsoq)tions. It is possible, how'ever, to form con- 
clusions of a (pialitative or relative order, and these are such 
as to throw much light upon the question at issue. In the 
first place, we know that in general the various ions are not 
usually very widely different in the extent to which they are 
liable to be adsorbed. If this were otherwise, the valency 
rule would hardly operate so well in endosmosis, kata- 
phoresis, and precipitation. In consequence we must expect 
the differences between the ions to appear in simdl rather 
than in large concentrations, the amoimts adsorbed being 
under those conditions more affected by changes in the 
volume concentration. At the larger concentrations, there- 
fore, the value of ~ is small, and the force causing 
swelling often tends to zero. 

There are, however, noticeable dilTerences at lower con- 
centrations. Thus we know that if a substance be primarily 
a positive colloid, it w'ill absorb kations more readily than 
anions. As gelatine falls into this class, w^e may therefore 
conclude that usually ai>a2. Further, it often happens 
that ver>' adsorbable substances are less affected by concen- 
tration changes, and in the case under consideration, there- 
fore, we should expect that nj > «2' Moreover, we know 
that*the hydrion and hydroxyl ion are much more readily 
adsorbed than other ions, i.c. have a large value for a. 

Heijce in the case of gelatine we expect that will 

have a comparatively large value when one of the ions is 
H or OH "f Also we know that organic anions are usually 
much more strongly adsorbed than inorganic anions, and 
hence tfiat in such cases ai is more nearly approached by the 
value bf ai. It should be emphasized perhaps, at this point, 
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that these various considerations are not based upon any 
facts relating to the phenomena of imbibition in ^els, or in 
gelatine in particular, but are based upon the behaviour of 
colloids in endosmosis, kataphoresis, electrolyti® precipitation, 
adsorption, etc. 

Now if we select a few simple figures which arc in accord 
with the above considerations, we can examine the value 

of the factor ^ purely illustrative and typical 



Fig. I. 

way, and at any rate form some idea as to the manner in 
which it is likely to vary. The figures might be : — 


Ion. 

n. 

0. 

Hydrion or hydroxy lion 

20 

10 . 

Ration of a metal . . 


7 

Organic anion 

10 

8 

Inorganic anion 

6 

6 

- 


For the sake of simplicit>^ we can assume that these ions 
are all monovalent. The ions adsorbed by unit mass will 
then be loc*, etc. If these hypothetical adsorption iso- 
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therms be plotted as usual we get the fairly t> pical curves 
shown in Fig. n. 

Now in practice there are always two of these ions, each 
giving its o\^n specilic clTect in opposite senses, and the 

difference ((?|», -- rt2na) represents the nett charge adsorbed. 
Hence we have the following combinations : — 


Inorganic acid 
Organic acid 
Alkali .. 
Inorganic salt . . 


IOC*— 8c* 
IOC*— 7c* 
7c*— 6c^ 


If we plot these values of nett adsorption against the 
concentration we obtain the curves shown in Fig. 2. 



Fig. 2. 


On the assumption that the nett charge adsorbed is the 
dominant factor in detennining the maximum swelling at 
equilibrium, one must therefore regard the curves of Fig. 2 
as representing the changes in volume of the swollen gel as 
the cono^tration is increased. Now in type these curves 
corfespond to those obtained by experiment from hydro- 
chloric acid, acetic acid, caustic soda, and common salt. 
The maximum swelling with hydrochloric acid increases 
rapidly .with the concentration at first and then rapidly 
decrea^s, though not at such a great rate. The swelling 
with acetic acid increases less rapidly and to a less maximum, 
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but decreases more slowly. With common salt there is a 
slight swelling followed by contraction. Catfetic Wa gives 
a rapid increase in volume at first, afterwards much less so, 
and finally yields an exceedingly slow decrease. The corre- 
spondence of these facts with the type-curves inevitably 
suggests that the phenomenon of swelling might be accounted 
for, in part at least, along these lines. 

Of course it is not likely that the simple figures selected 
for the illustration of the argument are either relatively or 
absolutely correct. Thus we know that the adsorption 
curve for hydrions and hydroxylions are not likely^^ to be 
quite identical, as assumed above. As gelatin is primarily 
slightly positive, it is probable that the values of a and of n 
for hydriou adsorption will be relatively slightly greater. 
The relative values supposed, however, are near enough to 
illustrate the contention that the type of the maximum 
volume curve can be explained on this assumption of different 
adsorption isotherms for each of the ions. 

If the remarks on the compression of the continuous 
phase be recalled, it will be obvious that m the present para- 
graphs we have been giving the question of equihbrium- 
volume a rather one-sided consideration. The volume of the 
gel when equilibrium is established may be determined in 
type by the nett charge adsorbed by the disperse phase, but 
it will be modified also by the lyotrope influence of tne 
particular substance on the continuous phase. When 
gelatine swells in solutions the influences on both phases are 
always in operation, and either upon occasion may become 
predominant. In the case of neutral organic substances, 
such as cane-sugar, the lyotrope influence is the determining 
factor. In the case of neutral salts the predominant influence 
is decided by the place occupied by the salts in the lyotrope 
series. If at either end of the series tlie lyotrope influence is 
uppermost and the effect of ionic adsoiq)tions is practically 
swamped. Thus sodium sulphate and sodium iodide hinder 
and promote ihxbibition respectively as could be expected 
;from their strong lyotrope power. On the other, hand, 
in the case of sodium chloride, which has comparatively 
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feeble lyotrope influence, the relatively different adsorptions 
of its ions corhes to the fore. With acids and alkahes the 
relatively large adsorption of the hydrion and hydrox)’lioii 
causes this tef be the predominant influence, ^but we must 
concede the possibilit\’ that purely lyotrope influences may* 
be at work in some cases, and esj)ecially at the greater con- 
centrations. Indeed, it is sometimes a difficult problem to 
decide whether an increase or decrease in swelling is due to 
lyotrope or adsorptive influence, but, broadly speaking, we 
can expect strong lyotrope effects at cither end of the series 
and also at large concentrations, and we can expect strong 
adsoq3tive effects in dilute sotutions, in the middle of the 
lyotrope series and in the case of alkalies and acids. 

For much of the above explanation of the nature and 
behaviour of gelatine, the author must himself take 
responsibility, and in this section he has freely quoted from 
his own papers upon the subject (see References). He 
claims that his view of a gelatine gel as involving a network 
of compressed water, liable to modification by lyotrope 
influence upon the continuous pha.se and by ionic adsorptions 
of the disperse phase, is most in harmony with the recent 
advances in our knowledge of colloids ; that much of the 
theory is a necessary corollary of those discoveries ; and also 
that jie has foiuid this view to be a sound guide in practice, 
bdth in tanning and in gelatine manufacture. 

Many other theories have been advanced, but most are 
generalizations over too limited a field, and from experiments 
with only a few' substances, and show httle or no correlation 
with^the wider facts of colloid behaviour. That of Procter, 
for example, discards altogether the idea of a two-phased 
structure of the gel as an unproved and rather gratuitous 
assumption," dismisses surface tension considerations as 
** nlore complicated and less verified," and adsorption as 
" wholly empirical," whilst it ignores lyotrope influence and 
the analogy with agar gels completely. Procter’s theory 
applies mainly to the swelling of gelatine By acids, which 
swelling he considers to be due to the osmotic pressure of 
the anion of a highly ionizable salt formed by the chemical 
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combination of the acid with gefatine. On this assumption, 
mathematical considerations show that the ^lecfric charge 
on the gelatine is given by the expressions — \/i\ex -f- where 
s=the amount of ion taken up, x the conceilt ration of the 
surrounding solution, and e the excess concentration of 
diffusible ions in the jelly. 

The property of gelatine and glue which is chiefly used 
in classifying them into grades of different commercial value, 
is the strength of the jelly obtained as compared with any 
arbitrary standard gelatine. An enormous number of other 
physical tests have been devised, but none are nearly so 
simple or so reliable. Gelathie is unfortunately very liable 
to hydrolysis even by water, and long before any amido- 
acids, etc., have appeared there is a change to a not greatly 
hydrolyzed product (sometimes called gelatine) which 
has lost the power of setting to an elastic gel. It is thus the 
lyophile nature which has been altered, and the fall in 
elasticity corresponds to the fall in power of compressing 
water, which is proportional to the concentration of a gelatine. 
Now the elasticity of a gelatine gel varies as the s(piare of 
the concentration. Hence if one so arranges the concentra- 
tions of standard and unknown samples that gels of equal 
ehisticity are obtained, the concentration of a gelatine is the 
same in both gels, and the relative amounts of a gelatine in 
the original samples are inversely proportional to the weights 
used to give gels of equal elasticity. The “ strength " of a 
gelatine or glue is therefore usually stated as the number of 
grams of a standard gelatine which will yield a gel with 
elasticity equal to that from loo grams of the gelatine or 
glue being tested. Elasticity is matched by lightly pressing 
with the finger-tips. 

It is also possible to grade samples of gelatine and glue 
by the estimation of “ peptones,” whose amount indic-ates 
the degree of hydrolysis. Nitrogen is estimated by Kjeldahl's 
method in the sample and in the precipitate obtained by 
saturating a solution with zinc sulphate. The diflgrence is 
calculated as peptones by multiplying by 5 33. T^tptman 
and Hackford say that the results are in the same sequence 
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as those of the finger test. * The method, however, is much 
more laborious than the “ finger test.” 

Gelatine is also graded according to the results of bleach- 
ing and clarifying, but with quite arbitrary standards, 
largely determined by the fancy of the customer. 

Chemical analyses, involving estimations of ash, lime, fat, 
acid, water, insoluble matter, and poivSonous metals, e.g. 
arsenic, copper, zinc and lead, are of value for sjiecial cases 
according to the destiny of the goods. v‘^pecial pln sical tests, 
such as ” breaking strain ” and ” foam test,” are also of some 
little value in special cases. 
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Section IL-RAW MATERIALS AND PRE- 
LIMINARY TREATMENT 


Tub raw materials for the manufacture of gelatine and glue 
may be classified according to their origin. The preliminary 
treatment, which comprises chiefly purifying and cleansing 
operations, is varied accordiing to type of manufifcturing 
process for which it is a preparation. 

In tlic case of hide or skin gelatine, the raw material is 
a bye-product of the leather industry. After the hides or 
skins have passed through the preparatory processes which 
convert them into “ pelt " (see Part I., Section II.), they are 
so trimmed that all that is left will make a useful leather. 
These ** trimmings " or “ roundings ” include ears and 
noses, the udders of cows and heifers, and also include parts 
from the butt, belly and shanks which are collectively termed 
"pieces.” The operation of fleshing (Part I., Section II., 
p. 22), in which fat and flesh are cut from that side of the 
hides and skins which was next the flesh, also involves 
cutting into the collagen to some extent, and these ' fle 4 ;h- 
ings ” comprise another very large class of raw material. 
The fleshings obtained by hand labour contain distinctly 
more hide substances than those obtained by machine work, 
and their commercial value to the gelatine manufacturer is 
of course proportionate to the collagen content. Some hides 
and skins are spht in the pelt (Part I., Section IX. ; Part II., 
Sections II., HI. and IV.), and the " flesh spli+,” though 
sometimes made into leather, is also used in making gelatine, 
a high quality being obtained from such material. Minor 
sources of material are tendons and cartilages, and also hides 
and skins which have been too much damaged by partial 
putrefaction or by accidents to make sound leather. Of 
course the material from the hides for heavy leathers form 
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' the greater bulk of the raw nlaterial for skin gelatine, which is 
thus derived principal!}^ from ox hides, but sheep and goat 
skin pieces have also an important place. The skins of 
other animals, .such as dogs, cats, hares, rabbits, not usually 
made into leather can also be depilated and us?d for making^ 
skin gelatine and glue. Horse hide fleshings and pieces are 
sometimes used, but are notorious for the poor quality of 
their product. They seem to contain less a gelatin. All 
these materials are of course readily putrescible and must 
be put “ into work " without much loss of time. When 
it is impossible to convey them from the tannery to the 
gelatin^ factor}^ quickly ciiougli, e.g. foreign material, the 
“glue stock " is dried out completely and sold in that con- 
dition. In the manufacture of ])ickers from limed pelt there 
is some superfluous material, and this is cut into shavings 
and dried. This “ picker waste " also forms a useful source 
of raw material. Skin gelatine material is not very strong in 
gelatine-substance. The fleshings, piecx‘S, etc., contain much 
water, even up to 80 per cent. This, however, is very 
variable, and only a practical test or a hide substance deter- 
niniation can indicate the commercial value of any particular 
material. This value, moreover, is determined not only by 
the yield and quality of the gelatine which can be obtained, 
but also by the yield of grease, the valuable bye-product. 

t1i^ preliminary treatment of material for skin gelatine 
consists essentially of liming and of washing. The object 
of each process is to purify, Timing has much the same 
action on liide pieces, etc., as on hides, and indeed the 
liming treatment is somewhat superfluous on cuttings from 
well-timed hides. The material is plumped up and the 
partially hydrolyzed products are taken into solution. Time 
also acts •as mild antiseptic, stops any putrefaction and 
liberates ammonia formed by fermentation in transit to 
the factory. When plumping is particularly wanted (as in 
wetting in dfy stock) caustic soda is sometimes used as an 
assistant (c/. dried hides, p. 18 ). Sodium sulphide has 
also b^ used for this purpose. The liming is in brick pits, 
an excess of undissolved lime being always used. It is 
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advantageous frequently to dis^turb or agitate the goods 
in the lime pits. Up to ten weeks liming has Sometimes 
been given, but about three weeks is now generally con- 
sidered sufficient, and the tendency is to shorten the time, 
^he lime and soda have also a detergent action on soiled 
stock, and they probably assist in hydrolyzing the pigments 
of the hair roots and sheaths. They also saponify and 
emulsify the grease, and it is obvious, therefore, that liming can 
be carried too far. vSlakcd lime, of course, must always be used. 

After liming the soaked, softened and plumped stock is 
washed as thoroughly as possible. To do this it is necessary 
to supply repeated batches* of clean cold water. Some 
manufacturers, however, use the warm water from the 
evaporators. Wooden vats or brick pits with arrangements 
for agitation, for draining off and for inspection, are used for 
this purpose. The agitation may be carried out by means 
of revolving shafts or drums with projecting curved sjjokes 
or vanes. An American patent (Hoeveler s glue stock 
washer) involves the use of a paddle wheel. It is combined 
with a settling tank to gather particles of stock. In the 
washing the chalk, excess lime, dirt, etc., are quickly removed 
and a slow deliming process is commenced. Tlie sediment 
from the washers and wash waters has some value in making 
fertilizers. Deliming cannot be carried on further than 
certain limits by water alone. Hence acid is often added tJ 
finish off the process. Hydrochloric acid has the advantage 
of forming soluble salts, but if they are not removed com- 
pletely their lyotrope influence is to weaken the gelatine. 
Sulphuric and sulphurous acids are even cheaper, and the 
lyotrope influence of their salts is in the opposite sense. 
The latter also has the advantage of destroying sulphides, 
an important advantage for food gelatines. Whatever acid 
is used, however, it is evident that an abundance of pare 
cold water is the fundamental requirement of a pure product. 
It is a sound maxim in gelatine manufacture to avoid, if at 
all possible, the addition of any soluble substance, for it is 
always present in a more concentrated state in the ftjished 
article. Thus if its solubilit)' be even moderate, one is 
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likely to attain supersaturAtion in the “ cake and con- 
sequently dull product, further, lyotrope influences can 
never strengthen a gel very much, but may and often do 
weaken it vexy considerably. Hence the aim of most 
manufacturers in the prcliminar>' treatment is so to delime 
that a nearly neutral and salt-free product is obtained. An 
exception is the case of skin gelatine in which excess of 
sulphurous acid is used. This ])rocess has for its object not 
only deliming and purifying, but also a bleaching action. 

In the case of bone gelatine, the raw material is such 
that there are much longer and more elaborate preparatory 
process^. This arises from the fact that about half the 
bones of animals consists of mineral matter, chiefly calcium 
phosphate. Bones, of course, vary in composition to some 
extent, and those from younger animals contain distinctly 
less of the mineral constituents. Approximately speaking, 
bones have the following average composition 


Gelatinous matter 
Fat 

Calcium pho.sphate 
Calcium carbonate 
Alkali salts, silica, etc. 
Water . . 


21 J per cent. 
12J „ 

48 „ „ 

3 .> .. 

12 i „ 

100 ., „ 


It will be seen, therefore, that the manufacture of bone 
gelatine and of a comparatively large proportion of phos- 
phate involves the recovery and purilication of much fatty 
matt^fcr. The manufacturing processes are naturally subject 
to considerable variation. One respect in which they differ 
is the stage in wliich grease is removed. vSome times this is 
simply done as the need and occasion arise, and it is skimmed 
out m the acid or water extractions, but it is now more usual 
to have a spei^ial degreasing ” process. There are, more- 
over, two quite distinct types of manufacture. In one of 
these (the boiUng process) the routine bears some resemblance 
to that'^or skin gelatine. In this process the bones are 
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washed and cleansed and thenr immediately subjected to 
extraction with water. This reihoves the gelatinous matter 
and leaves the phOvSphate and earthy matters behind. Grease 
may be removed before the water extraction, but is also 
^metimes refnoved by skimming off during the extraction, 
as is usual in tlie case of skin gelatine. This procedure is 
now not much favoured unless only a low-grade glue is 
required. In the other type of manufacture (the acid 
process) the material is first degreased, and then the mineral 
matter is extracted or dissolved by acids, leaving the 
gelatinous matter behind for subsequent refinement and 
solution. The acid process h^s long been preferred f(yx high- 
class bone gelatine, and hence needs further discussion. 

The degreasing operation was once brought about by 
steaming only, but is now accomplished with the assistance 
of fat solvents. 

The object of cleansing is not only to remove dirt, but 
also fleshy matter which often adheres to the bones. This 
may contain a little gelatine, but consists mainly of other 
proteins and insoluble fibre, neither of whicli are wanted 
in the water extraction. The mill consists of a large cylinder 
of stout wire gauze. This revolves round the axis of the 
cyhnder, and the bones are fed in at one end by a hopper and 
are discharged at the other. The revolution of the mill 
causes the friction which polishes off the fleshy matten ' 
dirt and flesh fall through the gauze and are sent to the 
fertilizer factory. The polishings are sometimes further 
separated by a similar machine. Raw bones may thus yield 
nearly 6o per cent, of degreased bones, and about 56 per 
cent, cleansed bones ready for extraction, and 3 or 4 per«>cent. 
bone meal." 

The next stage is the extraction of the minerjil matters 
by acid, for which purpose hydrochloric acid has proved 
very suitable, as both phosphate and carbonate of lime are 
dissolved by it. The usual counter-current system of 
extraction is psed [cp. Teaching and extract manufacture, 
Part I., Section III., p. 35]. The process is methodical 
and regular, the acid hquor passing successively t^ugh a 
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battery of six vats in such a ^manner that the liquor richest 
in lime salts coifies into contact with the bones most recently 
charged ; the* fresh acid thus acts upon tlie nearly extracted 
bones. The hydrochloric acid used is of 8 to per cent, 
strength (5° to 7° Be.). Stronger acid is apt to hydrolyze < 
(“ rot ") the gelatine, whilst weaker acid takes longer time. 
The process takes 8 to 10 days, though up to days is 
sometimes given, and, on the other hand, the process has 
been occasionidly reduced to 4 days. The gelatinous matter 
undissolvcd has the shape of the original bone, but is much 
swollen. When the acid liquor is saturated with lime salt, 
the liqubr is drawn off from Id^Iow the vats sent to the 
phosphate preci|)itation tanks. The phosphate is usually pre- 
cipitated by adding just suffici(‘!it milk of lime to neutralize 
the hydrochloric acid. The preeijutated ])lios])hate is then 
well washed b\’ decantation to remove calcium chloride. It 
is thCii drained, and dried at a low temperature. As a large 
bulk of phosphate is obtai’ied it is often rilter-])rcssed and 
dried quickly in long revolving chambers through which a 
"'urrent of air is pa.sscd. The j)hosphate is sometimes also 
precipitated by ammonia. It is then more easily washed and 
dried, and the ammonium chloride is recovered and may 
be used to regenerate ammonia, or be sold as a valuable 
bye-product. Sometimes the acid liquor is not used for 
making* precipitated idiosphate. but is evaporated witli 
animal charcoal and silica and then distilled to make phos- 
phorus. 

The next stage is the purification by washing of the 
gelatinous matter which remains. The vat is filled up with 
pure dbld water and the material allowed to steep for snx or 
seven hours. The acid and salts remaining diffuse outwards 
into the wftter. This is drained off and replaced by fresh 
wate5, and the procedure repeated half a dozen times or 
as often as necessai}'. The end is said to be determined by 
the absence of a precipitate on adding silver nitrate to the 
wash water, or by the absence of any action oti blue litmus 
paper. ^ will be seen, however, that there are tw'o actions 
involvecf, one being the removal of calcium chloride and the 
E. 15 
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other the removal of excess acifl. The former is the easier, 
and is almost necessarily brought about by th^ latter. Hence 
in some factories the neutralization is brought about, there- 
fore, by the ^addition of a certain quantity of soda, or more 
visually by lime, and the material is sometimes submitted 
to a veritable liming by which it remains in milk of lime for 
about three weeks, the lime liquor being renewed several 
times. The product is finally washed again to remove excess 
lime. This is carried out in a rotating vessel through wliich 
passes a continuous stream of water. If a slightly acid 
gelatine is required, however, the lime and liming are both 
siqierfluous, and the procedure is simply to ^ash as 
thorouglily as possible and then to immerse the material in a 
I per cent, sulphurous acid solution for 3 hours to bleach, 
and then to proceed with the water extraction or solution of 
the gelatine. The hydrochloric acid used for these processes 
should be as pure as possible, and the degreasing as thorough 
as possible, for, if not, a gelatine with a bad odour is liable to 
be obtained. 

Instead of using hydrochloric acid for the solution of 
mineral matter, sulphurous acid is sometimes employed, and 
has the advantages that its bleaching effect is thereby 
obtained throughout the process, and that it is recoverable 
for subsequent use, The Bergmann jirocess, most generally 
favoured, is described very concisely by Rideal thfls : 
sulphurous acid solution is made to circulate over the bones 
in a series of closed tanks, the solution being continually 
enriclied with sulphurous acid from a cylinder of the liquefied 
gas. The resulting liquor, containing an acid calcium phos- 
phate and calcium bisulphite, is heated by steam in alieaden 
digestor, when the excess of sulphurous acid is liberated and 
passes back to tlie tanks, while neutral calcium phosphate 
and sulphite are precipitated. The latter is decomposed 
by an equivalent of hydrochloric acid, setting free the 
remaining sulphurous acid, which is returned to the tanks, 
leaving calcium chloride in solution, and neutral calcium 
phosphate in suspension." Not more than 5 p^cent. of 
sulphurous acid is said to be lost in this process, and the 
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gelatine is more tliorouglil>^ bleaclied. It is subsequently 
well washed before extraction. 

Recovery and Purification of Grease.— The de« 
greasing operation, which is apjdied usually J;o bones (p, 
224) and to skill glue scutch, was once brought about by 
steaming oiil>’, but is now accomplished with the assistance 
of fat solvents, thougli in the latter case steaming togethei 
with mechanical centrifugal force has proved saillciently 
successful. On the Continent carbon disulphide was once 
largely used as solvent, and in this countr>' benzene has 
been employed, but their low volatility and high inflanuna- 
bility, a^ well as their expense, •make both these substances 
somewhat unsuitable, and it is now usual to make use oi 
petroleum oils, whether Scotch, American or Russian. A 
fraction which boils about the same temperature as water is 
usually employed, and all of it must be volatile undei 
280° r. Before the actual grease extraction the bones 
should be sorted over and unsuitable substances (horns, 
gravel, iron, etc.) removed. They are also usually pul 
through a mill and roughly crushed or broken. The actual 
grea.se extraction plant consists of large cop])er vessels whicl: 
will each take 5 tons of bones. These extractors arc 
arranged in sete so that the degreasing is proceeding in some 
whilst^ the others are being emptied and recharged. The 
doers fdr charging and ernj)tying must be securely fastened. 
When the extractor is charged the solvent is run in and heated 
by a steam coil which eventually causes it to distil. After 
some hours the remainder, wliich has dissolved much grease, 
is nm off, and a fresh lot of solvent is added and heated up. 
After lour such extractions only about J per cent, of grease 
remains in the bones. To remove the remainder of the 
solvent high-pressure steam (80 lbs.) is blown through the 
bone'=;. The extractor is then opened and the degreased 
and somewhat dried bones are mechanically conveyed to 
the cleansing * mill. The grease solutions obtained are 
subjected^ again to .steam with a view to l^moving the 
solve^it aiid obtaining it for repeated use in this sense. 
The efficient distillation and recovery of the solvent 
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is indeed an essential elemjnt in the success of the 
process. * 

Tile greases obtained, whether by the use of fat solvents 
or by skimnyng ofE during extraction, or in any other way, 
■are mixed together as is appropriate to their origin and 
purity, and subjected to further pui ideation, the object of 
which is to remove gelatinous and albuminous matters, and 
to decompose lime or soda soaps. The precise methods of 
puriiication are, of course, dependent mainly upon the 
impurities known to be present, but the readiest method is 
to give the grease further steaming or boiling with water, 
and so effect by washing and by solvetit action the eliifiination 
of non-fatty matters. In many cases it is found advan- 
tageous to employ mineral acids or oxidising agents to assist 
the process. The process may be repeated as often as is 
desired. 

The recovered and purilied greases arc often of a high 
standard of purity, and the best are ([uite lit for edible pur- 
poses. The large extension of the margarine industry in this 
countiy' has indeed caused a larger pro])ortion tlian ever of this 
bye-product to be so used. In some cases it is found com- 
mercially advantageous to submit the grease to action of the 
filter press, and so to separate it into solid and liquid portions, 
the former containing a much larger proportion of stearin, 
and the latter of olein. Much of the grease from the*l^el»tflie 
trade is also found suitable for soap manufacture, and is 
therefore a valuable source of glycerine. 

Other Raw Materials.—^ Whilst hide pieces and flesh- 
ings, and animal bones, comprise the principal raw material 
for the manufacture of gelatine and glue, there also 
minor sources of raw material which, though often not 
suitable for gelatine manufacture, will yield a catisfactory 
glue. Thus tlie skins, bladders and bones of fish form the 
source of “ fish glue." Sole skins, indeed, when deodorized 
by chlorine and decolorized by animal * charcoal, are 
made into gelatine. The bladders of some fish {e.g.,thQ 
sturgeon) are w^ashed, purified and dried with^oUing to 
make “isinglass," a form of natural gelatine in which 
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the original librous structure is retained. There is a 
limited defnanfl for this luaierial for clarifying purposes by 
brewers, wine merchants and cooks. 

heather waste may sometimes be used to ^ make a low- 
grade glue. Vegetable-tanned leather offers much dithcult>«h< 
unless ver)’ lightly and recently tanned. The tannage must 
Ije stripped by druiuming with weak alkalies, c.g. borax, 
sodium sulphite, or weak soda. Chrome leathei may be 
stripped easily and completely by Rochelle salt and other salts 
of hydroxy acids (Procter and Wilson), and also by anmionia 
acetate, oxalate and similar salts (Bennett), also by certain 
organic' acids (hamb). Processes are patented by which 
chrome leather is digested with lime to make glue, the 
chromium hydrate being insolubilized. Viscous and 
tenacious substances are also obtained from some vegetable 
matters and are called “ glue." 
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SKCTIo^^ III.— EX'riucrnoN 

Thk term “ extraction " is applied to that essential process by 
which the gelatinous matter from whatever raw material is 
used, is actually dissolved in water and removed from the 
rest of the material. Extraction is often termed “ boiling " 
or “ cooking.” Whether one is treating hide fleshings and 
pieces or whether one is dealing with raw or acidulated bones, 
the general ])rinciples of extraction are much the same, and 
most of this section is equally applicable to any class of 
material. 

The chief principle of extraction is so to arrange the 
process that both the material and the extracted liquor are 
maintained at high temperatures for the shortest possible 
time. As we have observed, gelatine is readily hydrolyzed 
by hot water, and as hot water is needed for its extraction 
or solution, care must be taken to remove the solution as 
soon as possible from the source of heat. In practice this 
can only be done somewhat imperfectly, as it is ndcesial^' 
to obtain a gelatine sol of several per cent, strength before 
removing it from the extraction vessel. The stronger this 
sol is made before removal, the less the time, trouble and 
expense is incurred in evaporation subsequently, but the 
more is the exposure to heat with consequent weakening 
of the gelatine. Hence in practice it is necessary' to com- 
promise. The matter is complicated further by the necessity 
of obtaining a clear sol, for which it is desirable that the sol 
obtained in extraction should not be too concentrated, as 
impurities settle and filter much more readily from weaker 
and less viscous sols. 

It will be understood, therefore, that whatever^aterial 
is being extracted, the most favoured procedure is to extract 
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in fractions. The first fraction, which is least exposed to 
hydroly^(? detomposition, ^produces the highest quality 
products, and the subsequent tractions (nearly always two 
more, and sonvetimes several) yield products which gradually 
become of inferior quality owing to the numbe* of times thi^^ 
raw material has been re-heated. 

Within limits, the precise temperature of extraction does 
not have the importance one would expect. Lambert 
suggests the temperature of J85® F. as suitable for both 
skin and bone gelatine, and most manufacturers would, on 
the whole, endorse this. If, however, a higher temperature 
be preferred, the hydrolytic action is increased in intensity 
but decreased in its time of operation, whilst if a lower 
temperature be adopted the decomposition is retarded in 
speed, but is increased in totality because of the longer time 
needed to obtain a suitable strength of liquor. Thus, with 
care, much the same result is obtained by extraction at near 
boiling-point for a short time as by extraction at 160° F. for 
a long time. The higher temperatures have the definite 
advantage of speed, whilst the lower temperatures have the 
advantage that one may choose to be satisfied with a weaker 
extract, and so gain a little in the strength of the gel, by 
throwing more work on the evaporator. One other point 
should, however, be borne in mind in this connection, viz. 
'i.h:4: a*gelatine sol kept at temperatures above 185® F. begins 
to deteriorate in colour. Whilst, therefore, much depends 
upon the precise class of material, it is broadly true to say 
that the higher temperatures are advantageous for glue, 
whilst the lower temperatures are preferable for the highest 
quality gelatine. 

Extraction in open vats is used both for skin and bone 
gelatine. # It is usually preferred when it is intended to 
extract at the lower temperatures, and it is usually adopted 
also when the material is such that the extraction is com- 
paratively r£fpid, as for example in the case of skin gelatine 
and bones by the acid process. The vats jthemselves are 
often obstructed of wood, in which case they are heatei^ 
by a copper (or brass) steam coil. They may be constructed 
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also of iron, cast or wrought, the former being cheaper, less 
liable to corrosion, but more lialble to fracture, hi^the case 
jf irop vessels the heating may also be done by a steam coil 
beneath a false bottom, but it is sometimes, arranged that 
:ron vats are*heated by a steam jacket, and even by a hot- 
water jacket. Heating in either wood or iron vessels has 
been brought about by direct application of raw steam, but 
the results are both uncertain and unsatisfactory owing to 
local overheating. Whatever appliances are used agitation 
of the material or liquor is advantageous. 

Extraction in closed vats is also iLsed. This is generally 
associated with extraction at*higher temperatures, ai^d more 
often also with the manufacture of glue than of gelatine. 
It has been used on tlie Continent for skin glue, and in this 
country for bone gelatine and glue by the “ boiling " ])rocess. 
In this system of working the vessels are usually made of 
|-inch steel plates, and will take a charge of 3 to 5 tons of 
material. It is claimed for the system that there is a lessened 
steam consumption as well as lesser manipulation, that strong 
liquors are more easily and quickly obtained, and tliat 
the material ma\' be more thoroughly exhausted. Extrac- 
tion is sometimes made by steam and water playing alter- 
nately on the material, but many manufacturers prefer the 
use of direct steam, keeping the pressure at 15 lbs. for about 
2 hours. The pressure is then reduced considerably aUdihr 
process finished off by spraying the material with water. 
F rom such a procedure a 20 per cent, glue sol may be obtained. 
It is common to work such extractors in couples or in 
batteries of four to six. It will be readily understood that the 
process is suitable for making bone glue when the phosphate 
has not been dissolved. The high temperature is in this 
case almost necessary to ensure thorough extraetion. It 
will be equally clear that the process is not so suitable in ^he 
manufacture of a strong gel. 

As alternatives to the systems of fraction^ extraction, 
several processor have been devised in wliich the extraction is 
^.continuous. ^ 

Amongst these is the tower system, in which the material 
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is placed upon a series of perforated shelves arranged inside a 
steam-^giit cylinder or tov^^r. Water is admitted from the 
top aim trickles down over the material whilst strain is 
admitted froi^ the bottom. Superheated steam is sometimes 
used. The material may thus be digCvStcd wilh a minimum^ 
amount of water, and the sol passes out of the apparatus 
and from the action of heat soon after it is formed. From 
bones the sol obtained is of good colour, but is somewhat dull. 
Several variants of this ])roce.ss have been patented. 

Another continuous system of extraction is that involving < 
the use of the Archimedean screw. The material is fed into 
one eiiJ of a cylinder carried* along and discharged at the 
other end by the screw. The cylinder is of metal gauze and 
is steam jacketed. (Lehmann’s patent, 1912.) 

Continuous s>stems, involving a battery of digestors 
connected by pipes, have also been devised. Arrangements 
are made of course for admitting water and steam as required. 
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Section IV.— CLARIFICATION AND 
DECOLORIZATION 


Ai'TiCR the raw material has been appropriately prepared 
and an aqueous extract or gelatine sol obtained therefrom, 
there are certain refinements necessary before the weak sol 
is evaporated. Tliese ])urifying ])rocesses include (i) clarifi- 
cation, (2) decolorization, and (3) bleaching. Whilst most 
manufacturers have more or less successfully solved the 
problems involved in these processes, the practical methods 
that are in common use have been evolved and elaborated 
in a purely enqiirical way, and the underlying principles have 
been veiy^ imperfectly recognized, and indeed often confused 
and misunderstood. Hence it is even yet not uncommon 
to find these terms rather loosely used, and it is one aim of 
this section to dehne and distinguisli these various operations 
in principle as well as in practice. 

Clarilication consists essentially in the remo\sil ^of»’ 
su.spended matters, with the consequent production of a sol 
or gel which is bright, clear, and apparently homogeneous. 
Bleaching consists essentially in destroying the colouring 
matters of the sol by chemical action, such as oxidation or 
reduction, Decolorization involves the removal rather than 
the destruction of colouring matters, and does not therefore 
imply a chemical action in the ordinary sense. 

Clarification may be now considered more particularly. 
It is necessary in this connection to consider what is meant 
by “suspended matter.” The modem view •is that the 
difference betw^^en a tme solution and a muddy liquor or 
ij^ulsiou is one chiefly of degree. If the particles o^matter 
in suspension or emulsion (the disperse phase) be reduced 
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in size they eventually lufige into colloidal sols which are 
sometyi^s afialogously iialned “ suspensoids " and “ eniul- 
soids,” if further reduced in size into suspensides and 
“ eraulsides/i and with lurther reduction into tnie solutions. 
On this view not only suspensions and eniufsions, but ah^ 
sols, solutides and solutions are all heterogeneous. Now in 
practice the clarifying of a gelatine sol involves only the 
removal of the particles which are evident to sight. What 
is needed is that the product should make a sol or gel which 
to the naked eye appears to be ojdically clear both to' 
reflected and to transmitted light. If desired, the limit 
could be expressed in terms disi)ersity or speciflc surface. 
Now it is a com])aratively easy matter to remove the coarser 
substances which often pass into the sol, c.g. undLssolved 
portions of raw material or the insoluble ])ortions, such as 
the hair, the grain (hyaline layer), and the elastic fibres of 
skin gelatine material, and the fibres which even remain in 
extracting acidulated bones. A more diflicult proposition 
is the remoc'al of still finer ])articles which may be almost 
said to be in colloidal solution, but which at any rate are so 
large that they cause a visible opalescence or e\'en a turbidity 
of the gelatine sol. A more difficult task also is the removal 
of minute particles of grease, which are an exceedingly 
coijimon cause of turbidity and which arc often very 
tf^ecfively emulsified in*t)ie sol. 

Now at this stage it is necessary^ to ]K)int out that besides 
the difference in the size of the ])articles of the disperse 
phase, there is another important difference involved, viz. 
that the particles of a colloid sol carry an electric charge 
ow!ng to the adsorption of electrically charged ions of the 
electrolytes (salts, acids or alkalies) present. If this charge 
be rem<fved the colloid is precipitated (coagulated, floccu- 
lated) and is then filtered off with comparative ease. This 
precipitation can be brought about by a reduction or 
elimination*of the potential difference between the disperse 
phase gind the continuous phase. The electric charge given 
by thei^dsorbed ions may be reduced by dilution, for diluti«c» 
causes a lessened adsorption of the charging ions. Hence 
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the well-known practical fact thi^t it is more satisfactory to 
filter a dilute gelatine sol. Furlker, the electric clfar/e may 
be reduced also by causing the adsoqdion oFan^ion of 
opposite charge. This is the principle underlying the 
: precipitation h>f any colloid) by adding electrolytes. It is 
essential here to consider which ions are most likely to be 
adsorbed, and also to bear in mind what charge they carry.* 
Now the hydrion (H I ) of acids and the hydroxyl ion (OH-) 
of alkalies are most strongly adsorbed, so that to precipitate 
a negative sol, acid is very effective, whilst with a positive 
sol an alkali is an appropriate preci])itant. Further, it is 
known that organic ions are tusually more strongly adsorbed, 
hence when precipitating from an alkaline sol (negative sol), 
one should ])refcrably select an inorganic or mineral acid 
rather than an organic acid. Thus in clarifying an alkaline 
gelatine sol. hydrochloric or sulphuric acid is to be preferred 
to acetic or lactic acid. Again, it is necessary to remember 
that a divalent ion carries twice the charge of a univalent ion, 
hence the precipitating ])ower of an electrolyte depends u])on 
the valency of the ion whose electric charge is opposite to 
that on the sol (Hardy’s valency nile). Thus a negative 
sol is most easily ])reci])itated by a monobasic acid. Thus 
hydrocliloric acid is better than srdphuric, on account of the 
stabilizing effect of the divalent SO4 — ion on a negative sol. 
In such a sol, also, the valency nile indicates that the fniUti- 
valent kations, c,g. iron, Fe+ + + ; chromium, Cr+ + + ; and 
aluminium, Al t- + + , should have great precipitating and 
clarifying effect. This of course is known to be the case, 
aluminium salts having long been used. The rule indicates, 
also, that aluminium chloride would be better than •the 
sulphate or than potash alum. Another feature of precipita- 
tion worth}' of mention is the phenomenon of “ acclimatiza- 
tion.” This describes the fact that when the precipitating 
reagent is added ver>' slowly, or a little at a time, a larger 
amount must be used, and the slower the additioh the greater 
the excess required. Hence in precipitating matters from 
utst alkaline gelatine sol the acid, if practicable, should be 
added all at once. In any case it is clear that one should 
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aim filtering a gelatine rol when it is near the iso-electric 
point. Y'ttich Is stable enough for gelatine itself, but a point 
of instabilily for many undesired impurities. Vet another 
phenomenon tof colloid chemistiy is concerned, viz. “pro- 
tection.” The particles it is desired to |)reci])itate not 011^^ 
adsorb ions of electrolytes, but also the gelatine sol itself, 
*and the particles, thus covered by a layer of a stable eumlsoid 
sol, attain much of the stal)ility of this gelatine sol. Un- 
fortunately for gelatine manufacturers, gelatine ]H)Ssesses 
ver>' great ])owers as “ protective colloid.” and this no* 
doubt greatly enhances the practical dilliailty of obtaining 
a clet*f and bright sol or gel. •Here again dilution of the sol 
reduces the adsori)tion and correspondingly reduces, to some 
extent, the dithculty. 

With regard to the turbidity or opalescence in a gelatine 
sol due to minute globules of grease, the case presents some 
analogy to the coarser colhhd solutions, but the analogy has 
its limits, for an emulsion of grease is not an emulsoid sol. 
Doubtless the grease globules exhibit adsorjdive i>henomena, 
in which case the valency mle comes into force ; the gelatine, 
;ns(;, by lowering iiiterfacial tension, assists in })rotecting the 
emulsion ; but grease emulsions are certainly stabilized in 
alkaline media (hence the detergent effect of soap, soda, 
bc^ax, etc.), and it is undoubtedly easier to separate the 
* e/- 4 id^ion by making tin!- medium acid. Hence the practical 
fact that an acid sol is more easily clarified from grease than 
an alkaline or even than a neutral one. 

The next stage in clarification is the separation of pre- 
cipitated matters and of the coalesced particles of grease. 
This may be attained by the two ])rocesses usual. in such a 
problem of chemical engineering, viz. sedimentation and 
filtration. After precipitation, therefore, the sol should be 
aUowed to stand for some hours, during which time the 
precipitate not only flocculates but also settles to the bottom, 
and the gldbules of grease coalesce further and rise to the 
top, from which they may be skimmed off.» vSedimentation 
al^ne both too slow and too incomplete to be sufficient* 
for proper clarification, and in these days it is always 
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supplemented by the use of tke filter-press. This, well- 
knovm appliance can easily be adapted to the iocai Require- 
ments *of the manufacturer. As speed of worKing is an 
essential requirement it is necessary to have a large filtering 
.s^jrface, and fhis may be done either by increasing the 
number of plates in the press or by increasing the area of the 
plates used. The large plates, however, are often cumbrous* 
and inconvenient, and if of metal are very heavy. The plates 
may be constructed of well-seasoned wood, or in the case of 
alkaline gelatine and glues, even of iron. The framework 
is in any case usually iron. Acid gelatines and glues may 
have wooden plates, but “ acid-proof " alloys are sonletimes 
used to make them. Where it is essential to filter quickly 
two presses may be arranged in parallel, thus doubling the 
active filtering surface. Wheti it is essential to obtain the 
highest pOvSsible clarity, two presses may be worked in series, 
which, in effect, means that the sol is filtered twice. In 
using the filter press for gelatine and glue it is most necessar>' 
to observe the most scrupulous cleanliness, and the plates 
must be freciuently washed and sterilized. Ridcal recom- 
mends weak clilorine water or bleaching powder solution 
for this purpose. 

The process of decolor izalion, by which colouring matters 
are removed without being chemically altered or destroyed, 
uuially precedes or takes place concurrently with the filt-pa- ' 
tion. The underlying principle of this operation is adsoq)- 
tion. The colouring matters are usually in colloidal solution 
and most frequently are eniulsoids, hence they are substances 
which are known to be exceedingly susceptible to positive 
adsorption. It is probable, also, that in a gelatine sol ’are 
particles which cause turbidity, though not coloured, and 
which are capable of being adsorbed. Hence the adsorption 
of colouring matters not only makes the sol more colourless, 
but in all probability makes it brighter and clearer. 
Further, decolorization by adsorption probably dlso involves 
the removal of 4;he last traces of emulsified grease. ^It wiH 
v-W clear, therefore, that in the improvement injoright- 
ness and colour of a gelatine sol, adsorption fulfils a triple 
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usefulness. The ordinary processes of dyeing f abrics or leather 
are ad\)r^tion processes, a;id the decolorizatioii of gelatine 
sols coifeist^ essentially of the same process, except that the 
concent rat ioi\ of the dyestuff is much less, and the liquor 
remaining, instead of the adsorbent, is the* primary con- 
sideration. 

• Decolorization of gelatine sols may be effected by any 
substance with a large s])ecific surface (see p. 201). Indeed, 
a great variety of adsorbents are actually used in ])ractice, 
and each factoiy’ has its favourite material or mixture, and 
its favourite mode, place, and time of a]>plicalion, determined 
])artly'l)y tlie nature of the ^rdsorbent and ])artly by the 
])recise form of a])])aralus used. Amongst the adsorbents 
which have received special favcnir are sand, kieselguhr, 
asbestos, animal charcf)al, wood ]ml]) fibre, albumin and 
alumina. Sand is very effective, but a com])aratively large 
weight is needed, and its cleansing for repeated use is trouble- 
some. On the other hand, it may be completely renovtated 
by ignition. Kieselguhr i§ a very powerful adsorbent, and 
only a little will do much good ; it is, however, hardly 
sufficient alone. Animal charcoal has great .specific surface, 
but its pores are very small for vtscous li(fuors, and its use is 
less suitable in the case of gelatine than in the decolorization 
of liquors wlii(di may be boiled. W ood ])iilp fibre is a very 
• popuhr decolorizing material, not only in gelatine but also 
in other trades. Its short, woolly fibres give a clarifying 
as well as a decolorizing effect. It may thus act as a 
mechanical filter for suspended matter and grease, as well as 
an adsorbent for colouring matters ])resent as sols. Its two 
fuiittions, however, are often confused. It may be re- 
generated for repeated use by careful washing, and special 
pulp- washing machines are mamifactured and sold for the 
pijrpose. Detergents are usually employed in the wash 
waters. Asbestos is also a good adsorbent, and its long 
fibres make^t much less liable to non-operating “ channels " 
^nd “ bursts.'" It also has the advantage that, if desired, 
it may^be regenerated by ignition. It forms a very useful 
m&ture with pulp fibre. • 
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All the above decolorizing materials are insoluble and 
hydrophobe, and act in virtue their finely divfd^4^ con- 
ditions, which causes them to have a large specific Surface ; 
but there is another type or branch of substances, whose 
^ect is due to surface action of rather a different type. 
These are the hydrophile gels. In a gelatine sol the colloid 
particles have largely adsorbed the colouring matters which* 
it is desired to remove. This adsorption, which is after all 
only an equilibrium, is reduced by introducing another very 
strong adsorbent. This latter, by adsorjhion from the 
continuous phase, reduces the adsorption of colouring matters 
by the gelatine particles. In the case under discussion 
another lyophile colloid is introduced, and after bringing 
about such an action is removed by appropriate means. 
The use of albumin has long been known for such a purpose, 
its special advantage being that after its admixture and 
adsorptive action, it may easily be removed by raising the 
temperature above 70° C., when coagulation takes place, and 
by subsequent mechanical liltrat ion. The coagulated albumin 
takes down the adsorbed colouring matters. Albumin 
has been used in this way not only for gelatine and glue 
liquors, but also for tanning extracts (Part L. Section III., 
p, 37) and other commercial ])reparations. Into this class 
of decolorizing agents fall the insoluble inorganic gels which 
have been advocated by VV. Cordon Bennett, c.g. aluiiiina* 
cream. Freslily precipitated alumina hydrate is a colloid 
gel with ver>' considerable adsor])tive powers. It has also 
the advantage that it is quite insoluble, easily removed in 
filtration, and has a powerful adsorptive action upon other 
objectionable impurities, especially the poisonous metals, 
arsenic, copper, zinc and lead. Its use is an undoubted 
advantage when in addition to the other clarifying agents and 
adsorbents. It is conceivable, in some cases, that when alym 
is employed as clarifying agent in an alkaline gelatine liquor, 
some alumina may be formed, and as such contribute to 
the total effect. 



Skction V.--BLKA(!HING 


The adsorption law indicates that however much colouring 
matter is removed from the volume concentration (continuous 
phase) tiliere must always be sgme left. After all that the 
decolorization processes can do, there still remains much 
colour that can only be removed by a chemical action of the 
ordinary sense. The amount of colouring matter of this 
kind is not large, but it is a deep red-brown, and wiien the 
gelatine sol has been evaporated and dried out the linal 
product, if untreated, possesses this typical colour, and is 
known as glue. If, before gelation, a chemical bleaching 
action is applied to destroy this pigment, the ])roduct may 
bv* then dried out in a nearly colourless condition and is 
known as gelatine. Gelatine, therefore, is simply bleached 
glue. Many other definitions have been given, and many 
elaborate distinctions drawn, but the fact of bleaching is 
♦he ^Wntial difference, dn these days when gelatine is so 
valuable, the higher-grade products are nearly always 
bleached, and the tenn “glue is consecpiently more often 
applied to a lower-grade product, and is sometimes used in 
a sense implying this fact. 

it be desired to manufacture gelatine, it is fairly 
obvious that the task is lightened by observing the axiom 
that prev^itiou is better than cure. If steps are taken to 
prevent the presence or development of such colouring 
matter, a great advantage is attained, for not only is the 
problem of bleaching easier, but also quicker and less expen- 
sive in chemicals. The nature of the colo;iring matters 
IS but ii^perfectly investigated, but in the case of skitk 
gelalme the pigment of the hair roots and epidennis is 
E. i6 
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doubtless one factor. A long liming is said to assist in its 
destruction, possibly because this completes the'' Icfosening 
of epithelial structures and possibly because" tlfe allsali 
causes some hydrolysis of the pigment. In both skin and 
bone gelatine sols, however, there is a considerable tendency 
to develop the brown colouring matter typical of glue. 
This tendency is enhanced by an increase in temperature 
and also by the presence of acid or alkali. These facts seem 
to indicate that its development is associated with a partial 
hydrolysis of the gelatine in some direction. Rideal says 
this colouring matter is allied to caramel. In harmony 
with this is the experience that its development is ‘(greatest 
in products which have been “ burnt," i.e. subjected to 
unusually high temperature. The j)ractical maxims which 
arise from these considerations are fairly obvious and widely 
known, viz. to conduct the extraction and evaporation at 
as low a temperature as possible and in as neutral a con- 
dition as practicable. The temperature is particularly 
important during evaporation (see vSection VI., p. z.p)). 

Fortunately for manufacturers of gelatine, the colour- 
ing matter to be attacked is very susceptible both to re- 
duction and to oxidation, and both types of bleach are 
widely used in practice. It is somewhat curious that the 
same colouring matter should be destructible both by 
reduction and by oxidation, but there is no doubt that .each 
type gives a perfectly satisfactory bleaching action and can 
result in a practically colourless gelatine. On the other 
hand, the reduction is the more unstable reaction, for the 
glue colour slowl}- develops again in the gelatine on keeping 
it, even in a dried condition. Gelatine bleached by oxida- 
tion, however, retains its colour quite well, and even tends 
to improve with keeping. It is quite possible that quite 
different reactions are involved in the two processes, but; in 
the light of the above facts it is somewhat surprising to 
observe Rideal’s statement that reduction *■ followed by 
oxidation has been successful in practice. 

' Although there is a wide choice of reducing and of 
oxidizing agents, those which are suitable for application to 
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gelatiii^cover a very limited field. This limitation arises not 
so much fft)m liie iuelTectivmiess of the bleach, as from the 
othtsir effi^cts of these substances upon the purity of th6 pro- 
duct and upon the elasticity of the gel which it can yield. 
Especially important is the lyotrope inllueuce of the bleachiiigi 
agent. Many reactive substances are ruled out sim})ly be* 
chuse tliey either insolubilize the gelatine or weaken the gel 
it makes, Others are inadmissible on account of their 
[)oisouous nature. It must never be forgotten that wliatever 
is used in bleaching is, like the gelatine itse*lf, much con- 
centrated during evaporation and drying. Its jiossible 
jiercentage in the finished product should Ik* considered, 
and also the pOvSsibility that in the.se linisliing operations 
what is prestmt iua> not remain in solution, owing to .super- 
saturation. 

Bleaching by Reduction.— Of all the reducing agents 
suggested, suljihurous acid has proved to be much the 
most suitable and successful. It has been used with e(4ual 
success both for bone and for skin gelatine, but on the whole 
h JS proved more suitable for the former. 

t'ulphurous acid can fullil in this instance a double 
function, viz. that of acid .solvent for the bone ]dio.sphate, 
and that of bleaching agent also. As it penetrates the bone 
material, dissolving the phosphate, it also exercises its 
Uleachiitg influence on thd gelatinous part of the material. 
Changes of liquor tend to complete both actions, so that a 
counter-current system is found most convenient. The 
“acid process” for the manufacture of bone gelatine has 
been previously described (Section II., pp. 224-227), and 
the u8e of sulphurous acid in this connection is typified in 
the Bergmami process (p. 227). In this process bleaching 
is in effect -merely a continued treatment. 

the case of skin gelatine, also, sulphurous acid may 
fulfil a double function, viz. that of deliming agent as well 
as of bleaching agent. In such instance it is necessary to 
use. excess of bleaching acid, some acting, as deliming 
material ^id the remainder as bleacliing agent. As it is« 
desirable to get rid of the lime and soda salts, several 
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changes of liquor are given to the goods, possib/y with 
intermediate washing. Here ‘again approximation to a 
counfer-current system is of advantage, as the empldymeiit of 
used bleach Ijiquors for deliming purposes effects considerable 
•economy of sulphurous acid. Indeed, there need be no 
waste acid at all. 

Whether the material be for bone or skin gelatin^, 
however, it will be seen that the extraction is conducted 
in an acid condition and the resulting sol is also acid. Most 
usually the decolorization and filtration processes are also 
conducted with such an acid sol. From what has been 
said (vSection IV., p. 235) of the value of dibasic hiorganic 
acids as clarifying agents, it will be imderstood that the 
presence of sulphurous acid at this stage is of great advantage 
in the production of a clear and bright gelatine. Indeed, 
it is well known in trade circles that sulphurous acid gelatines 
are usually of exceptional clarity and brightness. 

The disadvantage of sulphurous acid processes is also 
found in the same fact that both sol, gel and cake are in an 
acid condition. To complete the bleach it is sometimes 
necessary to add sulphurous acid to the sol after extraction, 
or even after evaporation, but this is to be avoided if possible. 
Usually the ideal attempted is that the bleaching action 
should be as much as possible before extraction ; the excess 
of sulphurous acid is then washed off just before the e^ctra<^- 
tiou, as far as practicable, and the rest is boiled off during 
extraction. The ideal is practically never attained, for 
the acid is strongly adsorbed, and the result is that the 
finished article is always an acid gelatine, and sometimes 
indeed very decidedly such. The acid condition is objection- 
able in the case of some forms of filter press on account of 
the solvent action on the metals, and is objet*tionable in 
evaporation for similar reasons. Acid gelatines are; also 
objectionable for many purposes for which gelatine is usually 
sold, and this limits the commercial possibilities* of the 
product thus* obtained. < 

Sulphurous acid is itself, of course, a gas, ^and whilst 
the gas itself has been used for treating the material {e,g. 
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bones) ^ it has been foiuid not only more convenient but also 
more effeAive to use an aqueous solutioii. This is mainly 
because "it is possible to attain a greater adsoq)tioif in a 
liquor. Unfortunately, however, snlphurons acid is not a 
very soluble gas, and although 8 -10 per cent, solutions ma)^ 
be, with great care, obtained, they are really supersaturated 
and readily yield the gas, even with sliglit mechanical 
agitation. Solutions even of 2 to 3 per cent, strength are 
also liable to this, and the general experience is that i to 2 
per cent, solutions are most economical and convenient for 
practical purposes. As the freight on weak solutions is 
prohibitive, the manufacture* u.siiig sul]>hurous acid is 
faced with the necessity either of purchasing cylinders of 
sulphur dioxide liqueiied by pressure or making the gas 
and solution himself. The former is the most convenient 
course when only .small amounts are required, but the 
latter preferable for a gelatine factory of any size. Sul- 
phurous acid ib easily manufactured by burning sulphur 
and leading the fumes b\ induced draught up a scrubber 
down which water slowly trickles. Forced draught may 
also be used, as in the vSachsenburg plant. 

Of the other reducing agents which liave been used, 
sodium liydrosuli)hitc (Na2S02) deserves mention. It is 
a very pow'erful reducing agent, and has been found most 
hscfid W'hen employed a5 an assistant to sulphurous acid. 
This reagent is usually added to the .sol, after evaporation 
and before gelation. It is .sold as a white pow^der, irsually 
under trade names. vSometimes a mixture of bisulphite 
and pow^dered zinc replaces it, but this is objectionable for 
pure^food gelatines. Its u.se also involves an impurity in 
the finished article, and a greater amount of “ inorganic ash." 

Bleaching by Oxidation. — Many oxidizing agents 
havy been suggested for bleaching gelatine, but most of 
them have some practical disadvantage. Most of them 
contradict the maxim (previously noted, pp. 222-223) that 
it is desirable to avoid adding any soluble substance, as this 
involves*^ permanent impurity, possibly concentrated ta 
supersaturation in the finishing processes, and possibly 
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involving a disadvantageous lyotrope influence. Jhere is 
another objection to oxidizing agents also’; whilst their 
bleadhing action on the pigments is midoubted; soi^^ of 
them have also a special action upon the, gelatine itself 
Dwhich is in reality akin to tanning, and may indeed involve 
an insolubilization of the gelatine. Thus, chlorine gas 
(which Meunier patented for tanning) has been used for 
bleaching gelatine, but the conditions of success have not 
yet been thorouglily elucidated, and it is problematical 
indeed whether the process is consistent with best results. 
Hypochlorites and bleaching powder have also a similar 
action, which has been utilized witli some success in 
practice. Rideal suggests that a suitable concentration for 
these reagents is i : 2000, and emphasizes the care necessary. 
An advantage of all these chlorinations is the formation of 
the strongly antiseptic chloramines, which preserve the 
gelatine from putrefaction. Ozone has also been tried as an 
oxidation bleach for gelatine, but not successfull}’, partly 
on account of difficulties in controlling the (piautit)' used. 
Peroxide of soda has also been used, but it is not onl)’ 
alkaline, but liable to contain sodium hydrate and carbonate 
as impurities, and this involves neutralization either before 
use or in the gelatine sol, and the consequent ])resencc of 
sodium salts in the finished article. Peroxide of calcium is 
open to the same objections, except that calcium 'is jnorC 
easily removed from the sol than sodium. Rideal 's suggestion 
for removing this lime, viz. precipitation by a current of 
carbonic acid, merits attention in this and in other directions 
also. Rideal also states that in the case of an acid bone 
gelatine, a good {)eroxide of lime is almost an ideal reagent 
for bleaching, inasmuch as “ the lime carries down phosphate, 
several impurities and colouring matters.’' It •thus acts 
as bleach, as neutralizing agent, and as precipitant, anej^the 
precipitate itself is a strong adsorbent. On account of its 
freedom from bases, and because its residue is^simply w'ater, 
peroxide of hydrogen has been found of great service, in 
•practice, and in most factories it has shown itse|f superior 
not only to the other peroxides, but also to all other oxidizing 
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agents. Its application is simple, a concentrated solution 
being adv 4 ed to the gelatine sol t)cfore or after evaporation. 
If is tli€ most ‘‘ fool'proof of all the oxidizing agents used 
in bleaching, and it yields the j)urest product . Its bleaching 
action is perfectly satisfactor>’, but only in ft non-acid sol. 
Hydrogen ])eroxide is moderately stable in acid solution, and 
•its bleaching action is iK'st in slightly alkaline solution. 
An acid sol bleaches too slowly, or not at all ; an nlkalinc sol 
induces evolution of oxygen and consecpient waste. The 
great disadvantage of peroxide of hydrogen is its great, 
expense, which is enlianced by an increasing demand for 
it in otl'.er industries. A minoi,disad vantage is its instability^ 
which leads to loss in transit and storage. It is sold usually 
in strengths indicated by the volume of oxygen obtained 
from unit volume of tlie solution, when treated with per- 
manganate in a nitrometer “ 15 vols. peroxide "). 

It is a fortunate feature of both the oxidizing and reducing 
agents usually employed iii bleaching, that tliey have con- 
siderable antiseptic power. This assists materially in 
t)reserving the gelatine from putrefaction during the critical 
jieriod between extraction and concentration. 
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SECTION VL -EVAPORATION 


The evaporation of the weak gelatine sols (3-9 per cent.) 
obtained by the processes described in previous sections 
into sols of such concentration (20-55 per cent.) tl«iat they 
readily set to a stiff gel on cooling, is now an essential feature 
of gelatine manufacture, and is one of tlie most important 
processes. 

In the early days of this industry, manufacturers aimed 
at obtaining a concentrated sol, as this saved tinre in drying, 
and so reduced the possibilities of putrefaction. The advent 
of evaporation has reduced these possibilities to a minimum, 
and has also enonnously reduced the .space required and 
the capital outlay needed in the drjung sheds. It has, in 
addition, given the practical advantages involved in dealing 
up to the last minute with a much less viscous liquor. As 
the liquors extracted are weaker, the extraction is more 
comjdete and the decolorization more easily effected. ' ^ 

The earliest attempts at evaporation were not very 
successful, partly on account of the prolonged “ stewing 
which ruined the setting power, and partly because of the 
poor economy of heat. Thus in the open evaporators the 
sol was maintained at a high temperature for a long peiiod, 
and this process only proved suitable for low-grade products. 

A great stride forward was made by Howard's invention 
of the Vacuum Pan. This made it possible to undertake 
concentration at much lower temperatures, a most important 
improvement in the case of gelatine and other organic 
matters easily ^damaged by heat. The process, howev^, 
v^as still slow, and the sol exposed to heat for a.lqng time, 
as must be the case when evaporation takes place in fiiilk. 
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These disadvantages were still fatal to the production of 
the highest-grade gelatine.^ There were also the practical 
<i*|ficuUies* of entrainment (“blowing over"), in* which 
parts of the ^ol were carried away by the escaping vapour, 
and also of “ incrustation ” which so rapitfly reduces tjie 
heating efhciency and evaporative capacit\' of the machine. 
•The vacuum pan, however, presented two decided advantages 
— evaporation at a low temperature, and, as a corollary', 
the })ossibility of utilizing exhaust steam to attain this 
temperature. 

Whilst the vacuum pan was a satisfactory machine for 
many branches of chemical .engineering, the problem of 
evaporation was still unsolved for gelatine liquor because 
of the “ stewing “ involved, until the advent of the “ film 
evaporator,” which dealt with the liquor not in bulk, but 
in a continuous stream. In this w'ay the product was only 
exposed to heat for a ('omparatively short time. Many 
evaporators of this type came into being, and rapid improve- 
ment was made in the constructional details.^ The film 
evaporators retained usually the advantage of evaporation 
i;? vacuo, so that it was now po.ssible to evaporate gelatine 
sols by exposure for a short time to a comparatively low 
temperature. Of this type of evaporator, the Lillie, Yaryan, 
Schwager, Claassen, Greiner, Blair Campbell, and the 
Kestner machines are w\‘ll-known examples. 

A further advance in solving this problem was the 
application of the ])rinciple of multiple -effect evaporation. 
The vapour driven off during evaporation possesses of 
course many heat units, and is of very considerable volume. 
In ^mltiple-effect evaporators this vapour is used to work 
a similar evaporator, and the evaporated liquor passes im- 
mediately^ into what is practically a second machine, and is 
ftyther evaporated by the heat from the vapour just drivep 
from it. Such an arrangement would be termed a double- 
effect eva|K)rator. The vapour from the second effect 
9iay of course be similarly used to operate a third effect, 
and th^ vapour from this to work a fourth effect, and so on. 
/ffixis, we may have triple effect, quadruple effect, etc., even 
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up to octuple effect. The great advantage of multiple-effect 
evaporation is in the saving of costly steam, • Rcavell gives 
the foHowingfigures to illustrate the economy thust)btttine^> 


WATER EVAPORATED PER 100 UNITS STEA^tf. 


* i 

Single. 

Double. 

Triple. 

Quadrtjplc. 

05 

150 

220 1 

300 


There is naturally a limit beyond which the capital cost 
of the machine neutralizes the advantage of steam economy, 
and it is seldom that octuple effects are used. There are 
probably more triple effects ih use than any other machine. 

An essential and important part of the modern evaporator 
is the “ condenser/’ in which the vapour from the last 
effect is conducted into water (jet condensers) or over 
cooled surfaces (surface condensers), with a view to pro- 
ducing and maintaining the vacuum. 

A lasting vacuum cannot be maintained without an air- 
pump. as air is often introduced (i) with the steam, having 
entered the boiler dissolved in the feed water ; (2) by leakage 
from the atmosphere into the condenser and the connected 
vacuous spaces ; and (3) in jet condensers, in solution with 
the circulating condenser water. That from the first two 
sources may be reduced, but the third is beyond control : 
hence if high vacua are necessary, surface condensers afC to 
be preferred. Di.ssolved air is usually 5-20 per cent, of the 
water volume, and is least for sea-water. It should be noted 
that water leaving a surface condenser is in a ver\' air-free 
state, and therefore particularly suitable for boiler sut)j:)ly. 
Apart from the capital cost of a condenser the chief cost of 
maintaining a v^acuum is in pumping the circulating water, 
of which up to 70 lbs. is usual ])cr lb. of steam comfensed. 

If \V —weight of steam condensed (lbs. per hour) 

Q= weight of cooling water circulated (lbs. per hour) 
Ti— inlet temperature C I’'-) of cooling water ; 

To —outlet temperature (® F.) of cooling watery 

tMen 

T. =T( + 1050 
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H will be understood that for high vacua, low tempe- 
rature (A coaling water'(Tj) is more important than copious 

supply It is advantageous, however, to cfioosc a 

site yielding plenty of cold water, such as fi riv'cr or canal 
side. Otherwise it is often necessaiy to use cooling towers 
or spray nozzles. The cooling is by evaporation (-^-60 to 80 
per cent, of W), cold water replacing that e/a])oratcd, 

and yielding water 75" to So"" 1 '. If 'IV 80° F. and 'J; --/o'’, 

v\ • 

a vacuum of 28-34" is possible, but the 0-34" should be 
allowed for the partial pressuri* of the air. determined exactly 
by the air entering and by the dis])lacement of the air-pump. 

Another feature of the modern evaporator is the " heater " 
or " calorilier,” by which the liquor to be evaporated is led 
in acontinuous rapid streauithrough heated tubes immediately 
prior to its entry into the lirst effect. It is the aim of the 
heater to rais'. the temperature of the liquor to the tempera- 
ture of evaporation, and so to avoid this being necessary 
in the first effect. The heater thus further avoids stewing, 
ensures steady running, and effectively increases the capacity 
of a machine. 

It is noteworthy that .sui)erlieated steam is not desirable 
for working an eva[)orator. 'fhe principle of evaj)oration 
by.sieam is not merely that the temperature of tlie liquor is 
raised to boiling ])oint ; it is that in the condensation of the 
heating steam its latent heat is yielded to the liquor being 
evaporated. To evaporate quickly, therefore, the heating 
steam must condense rapidly. Hence, as suprnheated steam 
has a rate of condensation 20-30 times slower than saturated 
steam, the latter is much to be jireferred. A slight super- 
heatingt however, may be justiliable where the steam has 
^ly distance to travel before use. It is the fact that it Is 
the latent heat of steam which is mainly utilized which gives 
steam its gpeat practical advantage over hot non-condensable 
gases. Steam in condensing yields an enormously greater 
numb^ of heat units per lb. than hot waste gases. St^m, 
flas also the advantage of more constant temperature. 
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The capacity and efficiency of an evaporator d^ends 
upon a good many factors, soi^e of which* ace Worthy of 
discussion at this point. 

The transference of heat and the amount of evaporation 
are directly proportional to the mean temperature difference 
between the heating steam and the liquor being evaporated. 
These temperatures, however, both vary somewhat, the steam* 
losing part of its pressure and temperature as it passes along 
the heating surface ; the liquid generally increases in tempe- 
<rature. The mean difference in temperature, moreover, 
is not the arithmetic mean between the smallest and largest 
temperature differences, but is given by the fcllowing 
expressions, which yield results not wide apart : — 

If --temperature difference at commencement ; 

= ,, ,, n end ; 

and —mean temperature difference ; 
then 



This mean temperature difference is in practice usually 
spoken of as tlie “ temperature head " or “ heat drop.'' 
It will be clear that this temperature head is increased by 
using steam at higher pressure (temperature), and ^ by 
evaporating under reduced pressure. Since most liquids 
have their boiling points reduced about 40° C. by operating 
in vacuo, the advantage of the vacuum is apparent. It 
should be remembered that the temperature head has not 
the same value in any part of the scale : it has more velue 
higher up the scale, because the steam is denser and more 
heat units come in contact with a given area in a given time. 
It must also be remembered that whilst the pressure gauge 
is a most useful indicator of steam temperature, it' is not 
necessarily accurate. The pressure in the hot opace is the 
sum of the pres^^ires of air and steam, and since the tempq- 
rs^J'tne (the important condition) of the hot space ^epends 
upon the pressure^of the ste^m, and not on the sum oAlle 
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pres^res, the temperature in a steam space is always rather 
lower thin wohld be supposed from the pressure indicated 
by the«gatige. 

The transference of heat is influenced by the velocity of 
both the heating fluid and the fluid being Heated over t|ie 
heating surface. The more rapidly each fluid moves, the 
more rapid is the transference of heat, because a greater 
number of particles of both fluids are brought to ^Iie heating 
surface in any given time. This is poj)ularly kno^^'n as 
the efiect of “ circulation," and is illustrated by the advantage 
of stirring a liquid being heated in bulk. In the fdm evapo- 
rators the circulation is through tubes at high speed (up to 
2 miles a minute), and the maximum effect in this sense is 
thus obtained. The increase in heat transference is not 
direct proportional to the increase in velocity, but in 
a lower ratio, sometimes approximately the square root of 
tlu velocity. In such a case, if either velocity be quad- 
rupled, the heat transference is doubled. Other advantages 
of liigh velocity are that the heating steam more readily 
sweeps away condensed steam from the heating surface, 
and the high-speed film similarly " scours " away " incrusta- 
tions " on the interior of the tubes. 

The transference of heat is also proportional to the con- 
ductivity of the metal forming the lieating surface. For 
genuine liquors, coppertubes are almost invariably employed, 
the advantage being great even when price is taken into 
consideration. The following conductivity cocfticients illus- 
trate this point (calories per hour through i sq. metre of 
metal 1 metre thick, with a temperature difference of C.) : — 
• 

Copper . . . . 330 I Tin . . • . 54 

Iron . . . . 56 : Zinc . . . . 105 

Steel . . 22--40 ! head . . . . 28 

• « 

The coefficient of heat transmission decreases the more 
with incre^ing thickness of wall, the worse conductor is 
4he lugtal. For copper tubes, however, .this decrease is 
unimportant. ^ ^ 

The transference of heat is also much iufluenced by the 
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viscosity of the liquor being evaporated ; the greater the 
viscosity, the lower the coefficipit of heat tranl<mission. 
Unfortunately for this process of evaporation, geiatbe sols' 
are exceedingly viscous, and thus the difficul1;y in obtain- 
r ing a concentr^ed sol is thus greatly enhanced. 

The transference of heat is often greatly hindered by 
incrustations of the tubes, which incrustations generally ^ 
conduct heat very badly. Thus the relative heat conduc- 
tivities of copper and chalk are as looo : 5. 

The amount of heat transferred is of course determined 
also by the area of the heating surface. The amount of 
evaporation needed tims determines the number of’ tubes 
(of standard size) in the evaporator, and thus tlie capacity 
of the machine. An evaporator should have its heating 
surface area chosen with a view to the duty required of it. 

In practice the working of an evaporator is often not a 
very dilhcult matter, and large numbers of machines are 
operated by unskilled labour. Troubles generally arise 
from inconstant steam pressure, incrustation, leakages of 
air, which reduce the vacuum, the temperature head, and 
hinder heat transmission. For the evaporation of gelatine 
liquors the Yaryan, the Kestner, and the Blair-Campbell 
film evaporators are the most widely used. The velocity 
of the liquor through some of these machines is so great 
that occasionally no vacuum is used. The temperature 
obtained is high {200° F.), but the time is very short, if 
rapid cooling of the evaporated liquor is arranged. 
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Section VII.-COOLING AND DRYING 

Tiie conversion of a gelatine sol into cakes of gelatine has 
been ini>.ich siinplitied by tlie^ advent of the evaporator. 
Before this machine was used much trouble was experienced 
with putrefaction, and in hot and thundery weather, especially 
on the Continent, it was often necessary to suspend opera- 
tions, Evaporation has, however, materially contributed 
to the possibility of rapid and satisfactory cooling and drying. 

Erom the time the weak sol is decolorized and bleached, 
the linishing processes consist essentially in the removal of 
water. This is now usually done partly by evaporation of 
the sol, and partly by the desiccation of the gel. There is 
an obvious elasticity in method, and factory practice does 
actually vary considerably in the relative proportions of 
these two alternatives. Some factories evaporate to a 
20 ye/ cent, sol, approximately, and rely upon drying 
sheds and lofts to complete the desiccation : other factories 
evaporate up to a 55 per cent, gelatine sol, and so can manage 
with less shed room. Something depends upon local con- 
ditions, but the main issue is between the cost of steam in 
eva^ration and the cost of land and buildings required for 
sheds. On the whole the modem tendency is to evaporate 
more, fo&this course has the additional advantage of speed, 
involving both a quicker turnover and less liability of 
putrefaction. Eower-grade products need relatively greater 
evaporation to form a gel of equal rigidity. 

, After evaporation and bleaching, the concentrated sol 
is first cjoled rapidly until it has set to a stiff gel, then t^t 
u^finto cakes according to the sfte required, these being dried 
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out on network frames arranged in tiers, through wj^ch a 
draught of air is usually forced or induced* • This general 
description is of course applicable to many factories with 
innumerable variations in detail, most of which variations 
originate in lck:al convenience and are unessential parts of 
tlie manufacture. 

An essential principle is that the cooling or gelation* 
should be done rapidly, not only to avoid putrefaction but 
also to avoid the action of heat on the elasticity of the gel. 

, A hot sol or gel is liable to hydrolysis and loss of setting 
power, and should have its temperature quickly reduced, 
but a warm sol or gel (say ipo° F.) is most liable t^ putre- 
faction, so that the cooling should be continued quickly. 
On the other hand, the gel should not be frozen. For cooling 
purposes a copious supply of cold water is most usually 
employed, but some factories have installed refrigerators. 
These plants operate by the rapid evaporation of liquefied 
gases such as carbon dioxide, sulphur dioxide, or ammonia, 
so arranged as to cool a solution of common salt, which 
fonns the circulating liquor and is returned after use to the 
refrigerator. Where such plants are used, it is natural that 
their rise should be extended to the drying sheds to cool the 
air entering in the height of summer. In some factories 
the cooling is attained neither by cold water nor cooled brine, 
but merely by cold air. 

The kind of vessel in which gelation is induced varies 
widely in different factories. For lower-grade products 
metal boxes are used, heavily galvanized iron being the 
most common material. If the liquor be muddy, deep 
boxes are preferred, but if clear, rapid cooling is best attained 
by having them long and shallow, and so exposing a relatively 
greater area to the cooling action. In either case the boxes 
may contain up to J cwt. of jelly, hambert mentions 
boxes 24" X 6", which are 5* deep ; Cavalier suggests rect- 
angular moiilds holding 30 litres. In place cf galvanized 
sheet iron, boxes of sheet zinc or of wood lined with zhjc 
ap' sometimes used. In any case the most scrupulous 
cleanliness should be observed in all cooling-house worK, 
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and some factories the most elaborate precautions arc 
taken for^:lean5ing vessels, ^tools, floors, etc., and even for 
tlleir diauf^ction and sterilization. Iron, tinned iron, and 
copper cooling vessels are ruled out on account of their 
tendency to rust and tarnish, and the last is unjust ifiabl>' 
expensive. Many of these vessels are unsuitable for pure 
fcod gelatines in which traces of copper, zinc and arsenic 
are held to be very objectionable. For tlic best gelatines, 
therefore, a very shallow vessel ({'' to V deep) witli a sheet 
glass bottom is preferred, and the concentrated sol is run on 
to this for gelation. 

Glne»'(or gelatine) which lus set in this way is some- 
times called ‘'cast glue.” That which sets in metal boxes 
in blocks is tenned "cut glue,” because the blocks of jelly 
need subsequently to be cut into slabs of the desired size 
and shape. Jelly blocks may be cut by hand with the 
" wire knife ” which yields a charactenstic wavy appear- 
ance to the liiiished product. This may also be done by 
machineiy^ the block of gel being placed on a series of 
correctly spaced wires and forced through the network by 
li)draulic pressure. A cutting machine (vSchneible) ha^ also 
been used to cut up blocks of jelly into .slices of the required 
thickness, but these machines have not made great headway 
in tl^is countr}\ It will be clear that cast glue is cooled more 
rapkyy than glue in blocks ; it is therefore not surprising 
to note Tambert’s statement that the former comprises the 
larger proportion on the market. 

The cut or cast cakes are next placed upon network 
frames, and a series of such frames are placed on a bogey. 
The 1:>ogey is run along tram lines into the drjdng tunnel, 
through which air is forced or induced by a fan. Many such 
bogeys arft, of course, passed into each tunnel, and as many 
tui^els as required may be constructed. Care is necessary 
to expose the cakes evenly to the action of the air. It is 
mostly necesi5ar>" to warm the air at the inlet by means of 
staam pjpes and so increase its diymig pwer. This is 
esgeciall}% necessaiy^ in winter or^wet weather. In summ^, 
however, it is often arranged that the air is cooled before 
E. 17 
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entering the sheds. This is accomplished by passing the 
air through pipes from a refrigerator. When heated air 
is used, it is stated by Lambert that the maximum teipp%- 
rature should be 25'5'’ C. (78° F.) ; Rideal considers 21° C, 
(70° P\) shoufd be the maximum. In all cases the drying 
power of the air is easily ascertained from a wet-and-dry bulb 
thermometer, and the amount of air passing along the shed 
from a wind gauge. Lambert states that drying normally 
occupies four to five days. The final product is still a gel, 
of course, and contains from 10 to 18 per cent, of water. It 
appears, however, very hard and solid. The dried cakes are 
removed from the frames ay.d transferred to the warehouse, 
where the\' are sorted according to quality and packed in bags 
or tin-lined boxes. Some material is ground to powder. 

The network of the drying frames has been made from 
many materials. Cotton or string netting is very common, 
but is liable to sag and to get dirty. It also has a short 
life. Ordinar>^ galvanized iron soon loses its galvanizing 
cover, and the iron then is liable to rust. Attempts have 
been made to use sheet zinc and other alloys, which are 
cut or punched into nets with square or diamond-shaped 
holes. These were found to warp and break. Rideal’s 
conclusion, which is confirmed by the general experience, 
is that the best material is a heavily galvanized iron, wire 
netting. He suggests that it should have 15 to 25 per cent.' 
of its weight of zinc, and that it should be strengthened by 
stifier ribs arranged both longitudinally and transversely. 

Many attempts have been made, and many patents 
taken out, with the object of making the cooling, cutting, and 
drying processes as continuous and as quick as possible, and 
with a view to saving labour, which is rather costly at this 
stage. These attempts, however, have only *met with 
indifferent success. A common idea is that a continuous 
supply should fall upon a revolving appliance, and be 
instantly congealed in a thin state, which last lends itself 
to more rapid desiccation. Vacuum drying has, also been 
^attempted. 
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Section VIIL- USES OF GELATINE AND 
GLUE 


»Gkeatine and ^due have both been put to an immense 
variety of uses, and the list is eonstantly extending. Indeed, 
no one who considers the following account of their ^applica- 
tions can doubt that gelatine and glue have become a neces- 
sary part of our civilization. 

Gelatine for edible purposes certainly forms a very 
considerable part of the total used, and great pains are now 
taken to obtain a pure product. Thus, a gelatine witli more 
than I ‘4 parts per million of arsenic, or more than 30 parts 
per juillion of copper, is not considered good enough for 
“pure food." The food value of gelatine, compared witli 
other proteids, is exceedingly low ; its use in this connection 
has no connection with the “ calories " of heat energy it 
will yield. It is used almost, entirely becamse of its property 
of forming a gel. Table jellies form, of course, one ])opular 
use of gelatin, but the manufacture of sweets makes ^ also 
a great demand upon the gelatine trade. Culiiiaiy^ opera- 
tions often require a little gelatine, especially is it used in 
pics and soups. An extension of the same idea is found 
in its employment for many manufactured foods, e.g. tinned 
meats, meat extracts, and the concentrated foods. The use 
of gelatine in connection with the first of thc.se received a big 
impetus during the war period. In gelatine for any of these 
purposes, the presence of excess of sulphurous acid is 
objectionable, as its taste is easily noticed. 

Gelatine for medicinal purposes finds an ever-growing 
number of applications. Gelatine capsules for ^ holding 
gciasy liquids and solutions of nauseous drugf, are in- 
creasingly popular, for the hose may be swallowed without 
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unpleasantness. In making these capsules some sugar is 
also used* aiKl'the finished article is often protected from 
atmospher*ic moisture by treatment with a weak s 51 ution 
of alum. In. a similar way i)ills are often coated with a 
33 per cent, gelatine sol. vSiich pills are not bnly pleasanter 
to .swallow, but are less liable, after being dried, to stick 
’together in the box. Acohol solutions of drugs (or es.sences, 
perfumes, etc.) may be suitably stored in gelatine instead 
of metal tubes. Medicated wines are detamiated by 
gelatine before the addition of drugs wliieJi would have* 
been precipitated by the tannin. The British Pliarma- 
copieia specifies four kinds .of "hamellae,” which are 
small discs of gelatin and glycerin, each containing a minute 
but definite dose of some powerful alkaloid. Glycerin 
jelly is a mixture of gelatin glycerin with some water. 
It is used for cliap])ed and rough hands ; the mixture i^ 
also used for glycerin supiiositories, and for mounting micro- 
scopic sections. The mixture also forms the basis of gelato- 
glycerin, used in nasal bougies, and of glyco-gelatin for 
medicated lozenges. Gelatine insolubilised by formalin 
(fonno-gelatin) has been used for making tabloids, wound 
dressings, and artificial silk. 

Gelatine is in constant demand for bacteriological work, 
for which purpose a high-grade product is desired. Nutrient 
me^^ia for the culture of bacteria are solidified by 10-15 per 
cent, of gelatin, and the growth of colonies of bacteria often 
show typical formations. By inoculating into a melted 
and sterile quantity and setting quickly in a flat dish after 
mixing, the number of bacteria in the volume introduced 
can* be judged from the number of colonies which develop. 
Bacteria are also distinguished often as “ liquefying " or 
non-licfuefying according to their type of culture on 
nytrienl^gelatine media. Gelatine for such work should be 
liCutral and of high clarity. 

The geliltine required for photographic purposes is also 
high-glass product. It should be neutraly colourless, and 
free from chlorides and other mineral salts. Grease alsf)*is 
‘ (^jectionable. Gelatine is used in the numerous carbon 
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processes, in which the principle is that gelatine is jtnade 
insoluble in water by the action of potassium dfchromate 
under the action of light. It is used also in Poite6in‘>process 
for copying engineering drawings, which is based upon the 
r power of a feAic salt to render gelatine insoluble so long 
as it is not exposed to the actinic rays. 

Gelatine is used in the manufacture of the “ cr}^stalline* 
glass " used for decorative puq)Oses. Advantage is taken 
of the immense contractile force it exerts on drying. When 
ground glass is coated with gelatine, and the latter dried, it 
tears away the surface of the glass itself, and leaves peculiar 
fern-like patterns. Inorganic salts dissolved in »the sol 
influence the nature of the pattern obtained. 

Gelatine is used also very largely in the textile trades, 
for finishing coloured yams and threads, for sizing woollen 
and worsted warps, and for thickening the dyestuffs used 
in printing fabrics. It is also used for finishing white straw 
hats ; as a size in the manufacture of high-class papers, 
and as a wax substitute for covering corks and bottle necks. 

Glue is used instead of gelatine in all cases where colour 
is not a matter of much moment. The fact that it has not 
been bleached makes no difference to its suitability- in such 
a case, and the cost is substantially reduced. Thus, for 
dark-coloured straw hats, textiles, sweets, papers, and in 
all suitable woolwork, glue is used in place of the^rnore 
expensive article. 

A very large quantity of glue is used in the manufacture 
of matches, where it functions as the material binding the 
“ head ” to the stem. A 15-50 per cent, sol is used, con- 
taining nitrate or chlorate of potash as oxidizing agtnt. 
The mixture is kept at 38® C. and the phosphoms cautiously 
added, and when this is emulsified, the friction ingredients 
(sand, glass, etc.) are also added. The glue acts also ^ 
preventing premature oxidation. Glue is also used in 
making the match-boxes, and similarly in nfaking sand, 
emery’, and glass papers and cloths. , « 

f^There is a large consumption of glue by joiners, caipent;er^, 
cabinet-makers, and all kinds of woodwork and fancy work. 
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It is used in the manufacture of furniture of all kinds, of 
■»» 

pianos, organs,* billiard tables, panels, picture frames, and 
of toy% afld brushes. Mi^ed with white lead, chalk, and 
sawdust, it forms a composition used for mirror frames, 
rosettes, etc. Glue is used for veneering^ for mosaics, , 
plaques, trays, fingerplates, leather wall converings, afld 
•for staining floors. 

There is also a considerable sale for glue in book -binding, 
for which a sweet, light-coloured, and strong product is 
required. It has been found particularly suitable fon 
leather bindings where the grain has been artificially printed 
or embossed (see pp. 97 and iiyj, and in finishing and gilding. 

The compositions used for printing rollers all contain 
gelatine or glue together with sugar or glycerin and possibly 
oil and soap. They are often hardened with formalin. 
Similar mixtures are used for the beds of hectographs. • 

Glue (together with waste leather) is used in the manu- 
facture of imitation leather and leather substitutes. Cotton 
and wool fibres are often incorporated, and sometimes 
textile fabrics. 

Much glue is covertcd into “ size,” which is a weak gel 
used as a filling rather than as an adhesive agent. A low- 
grade glue is often therefore preferred for such purposes, 
as having “ body ” rather tJian “ strength.” Size is often 
sold in cake, but sometimes in the f€»rm of the gel itself, 
in wlxich case it may never have been evaporated. Indeed, 
size is often overboiled glue, made by crude and out-of-date 
methods. It is largely used in the paper trade, and for wall- 
papers, millboards, papier-mache, paper and cardboard 
boxes, etc. Mixed with logwood and iron, and possibly 
alum, it formed the “ blue size ” once largely used by boot- 
makers ts a foundation for blacking, and is similarly used 
in currying (p. 82). Size is also used in making oil paints 
and vanishes. Distemper is a size with which is iiicor]mrated 
whiting or gypsum and coloured pigments. In all applica- 
tions of size, it is common to use antiseptics. Salicylic 
acid ha| been widely used in this sense. Low-grade glw^is 
^d for the manufacture of che&p bnishes and for fly-papers. 
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Innumerable patents have been taken out and mixtures 
invented for the production of plastic nfateriais, which 
frequently involve gelatine or ‘glue. Thus, gehtine and 
glue are used in making plaster casts, and for imitation 
ivory, wood, slwne, and rubber. Many of these inventions 
hhve been investigated b\' Rideal, who points out the features 
common to most of tliem. Usually a viscous sol is thickened* 
by the addition of inert fibres and powders, and with the 
object of making the preparation more waterproof it is 
j:ustomary to incoqiorate oils, fats, waxes, tars, and resins 
before the gel is set. The surface is hardened by “ tanning " 
witli formalin or tannin solutipn, finally painted or var**nished. 

Kqually innumerable are tlie inventions, recipes, and 
patents for making glues that shall remain liquid. The 
convenience of this ideal is obvious, but many of the sug- 
gestions are useless. It is quite easy to incorporate into a 
gel substances which keep it liquid — any soluble substances 
with a lyotrope influence of the iodide type will do this — 
but these also prevent the glue setting when u.sed. Even 
in small quantity they will influence the tenacity of the 
joint. Other methods depend upon a partial h}’drolysis 
of th^ protein. Amongst the most successful of these 
attempts are to dissolve 3 parts of glue cither in 12-15 parts 
saccharate of lime, or in 9 parts of 33 per cent, acetic acid. 

Many special glues and cements are made from* com- 
mercial glue, according to the purpose required. “ Marine 
glue ” contains no glue ; it is made from shellac and rubber 
mixed with benzene or naphtha. Its advantage is w*atcr- 
proofness. 
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Section TX.-THE EVOJ.UTLON OF THE 
GELATINE AND GLUE INDUSTin^ 

The mcuufacture of gelatine ai^d allied products has received 
a great stimulus in this country from the circumstances 
arising from the European War. The large restriction of 
continental — especially French and Belgian-— supplies of gela- 
tine, led to greater demands for the British-made product 
and a^sulted not merely in a period of greater prosperity, 
but in a period in which much greater eiTorts were made to 
supply a high-grade article in larger quantities. Most 
manufacturers strove to make high-class gelatine rather than 
low-grade glue, great extensions were made, and man}' new 
businesses were established, 'riie development of the feather 
trades, more particularly in re.spect of greater production, 
caused a bigger supply of raw material for skin gcdatine, 
and the slaughter of hofne animals for food caused a more 
plentiful supply of boi\es. At the same time it was realized 
that greater production not only reduced working costs, 
but also that a bigger turnover in any one factory involved 
a proportionately less capital outlay. These facts tend 
to gounterbalance the heavy freight on the raw materials. 
Production is thus not only on a larger scale but more 
intensive. 

One of the greate.st difficulties of this industry is to 
ptodude a regular or standard article, for the raw material 
is so exceedingly variable in quality ; that for skin gelatine 
trends also to become less valuable. In ^uch a case, as 
Rideal truly remarked, to ensure thatsupplies to customers 
?nalf be always up to sample,” which is often a matter 
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of contract — “ exact and regular working, strict cleanuness, 
observance of temperatures and other physical data, and 
scientific supervision, are cleaWy necessary. ''‘]?.ule of 
thumb ” is never quite certain to produce the same article 
twice. In past years British methods of manufacture 
have been far too empirical. As in other industries, “ rule 
of thumb " must inevitably be replaced by scientific prin-» 
ciple. The advances in colloid chemistry of this last 
decade or so have, in the author’s opinion, supplied the clue 
to this line of development. In the preceding pages em- 
phasis as been laid upon the importance of the adsorption 
law, the lyotrope series, and^the valency rule. The, manu- 
facturer or supervisor who understands and ean apply 
these generalizations will find his task vastly easier and 
his factory more efficient. Much remains to be learnt, 
however, and the industry would certainly benefit by 
research work, for which there is a fertile field. 

There is also considerable room for improvement in the 
methods of chemical engineering usually employed. Whilst 
the heat engineers have certainly done much to solve the 
question of evaporation and drying, there is still great scope 
in the more economical application of heat in extraction, 
and the last word can hardly have been said on the problem 
of clarification and decolorizatioii. There is indeed almost 
as much scope for research by the chemical engineer as by 
the colloid chemist. 

The industry also exhibits, in common with the leather 
and many other trades, the same tendency to save labour, 
both by careful arrangement of the factory and by the 
installing of mechanical labour-saving devices. Thus, lifts, 
runaways, hoists, trucks are increasingly used to move the 
solids, and pipes and pumps to move the liquors. As ever, 
there is scope for the mechanical engineer. 

If some of these problems are vigorously tackled duimg 
the present reconstruction period, there is little* doubt that 
the gelatine and glue industry will be in a much better 
position to cope with all possible competition in the {uture. 

From what has been said m Section VIII. as to the wide 
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uses of gelatine and glue, it will be seen that general 
prosperity* in trdde is conducive to better trade conditions 
id the gelaTine and glue industry. It is similarly trul that 
a general trade slump affects the glue trade adversely. The 
severe trade depression which commenced in* 1920 has had 
this effect, and has made economic produdion much mofe 
difficult as well as more essential. As often is the case, the 
larger factories and firms can better face the difficulties, and 
there can be little doubt that if the depression be long 
continued there will be a tendency for the smaller factories* 
to be closed down and for the larger firms to unite. As in 
the leather trade, both the War* boom and the Peace slump 
have caused the gelatine and glue trade to develop along the 
lines of the great trusts. It may be reasonably expected, 
n\oreover, that these will be intimately connected with the 
leather trusts. This fact, together with the heavy freights 
charges on the raw material, tends also to make the skin 
glue factories gravitate towards the leather centres. 



Part VI.-MISCELLANEOUS PROTEINS 
AND BVE-PRODUCTS 

Suction I. -BYE-PRO DIK ITS OE TRE 
L]<]ATHER TRADES 

In tlic leather trades by far tlie most important and valuable 
'bye-products are obtained from the hides and skins them- 
selves, and all these are obtained before the tannage proper 
is commenced. The leather trades use only the dermis 
(corium) or true skin for the manufacture of leather, and as 
we have noted (Part L, Section II., p. i6) this prepared and 
purilled dermis is called “pelt.’' The cuttings and trim- 
mings from the pelt form the most valuable bye-product of 
the leather trades, and are the raw material of the gelatine 
and glue industries (Part V., vSection II., p. 221). IV^air 
portions of the pelt, indeed, such as ears, noses, and cows 
udders, are quite useless for any other purposes. Othe 
portions, such as cheeks, faces, and even bellies, may be 
made either into glue or leather according to the state of 
trade. Plardly less important to the same industry are the 
cuttings of adipose tissue removed in “ fleshing ” the hides 
and skins. These, though 3'ielding less protein, yield also, 
however, the valuable animal greases (Part V., vSe^tion II., 
p. 227). To obtain both these products in a purer condition 
the removal of “flesh" after "soaking," but* before 
“ liming " (Part I., Section II., p. 18), has been “favoured by 
some, especially in America. ^ t, 

« ^Amongst the epithelial structures of the hides a»d skins, 
we have several protein bye-products which have some 
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commercial value. The horns of cattle are now almost 
invariably reprieved before reaching the leather manu- 
facturer^ but have some 4 ittle value. This part the 
epidtirmis is not solid keratin. A “ pith is easily removed 
after boiling* in water. The outer parts, ioo, are often 
coarse and somewhat damaged, but if removed by scraping 
reveal often a rather beautiful structure of vatyung colour. 
There is some opening for this product in the manufacture 
of small articles of horn, but much of it, together with 
lioofs, is roasted and crushed for making fertilizers. The 
hair of cattle, goat, etc., has also a commercial value. This 
is remo-'^ed after liming, and needs subsequent purification 
(Part I., Section II., p. 22). "flic hair is well washed with 
water, using either repeated changes or a continuous sui)ply, 
the operation being carried out in paddles or similar 
machines which stir up the hair in the water. When clear^ 
the hair is transferred to a centrifugal machine or “ spinner,” 
in which much adhering water is removed. This is a great 
assivStaiice in drying out, which is tlie next and final operation. 
In drying, the hair is laid upon steam-heated boxes or pipes, 
and a current of wanned air passed over or through it by 
means of a fan. It is better to have the hair ” turned ” 
occasional!}'. This ensures quicker as well as more even 
drying. The product is made up into large bales and sold 
for*tht: manufacture of ^elts, mattresses, etc. White hair 
is ul^ually kept separate and commands a larger price. 
The power consumed in driving the washing machinery, 
the centrifuges and the drying fan, together with the fuel 
required for the drying steam, and the labour involved 
thrqpghout, make it doubtful whether this bye-product is 
worth cither the capital outlay or the working costs neces- 
sitated. .Many manufacturers avoid this treatment alto- 
gether, therefore, and the wet limed hair is sold direct to 
tbfe fertilizer factory. A less price is obtained, but much 
expense is s^ved. Especially when the animals have only 
their short summer coats, this course is preferred. 

* In tile case of the wool from sheepskins the product 
i9 mftch^ more valuable. The* wool, indeed, is often the 



270 ANIMAL PROTEINS 

primary consideration. Unfortunately this sometimes 
results in the neglect of the pelt. The removd of wool 
from <3heepskins forms a speciad industry known ?s ** fell- 
mongering,” which has been previously described (Part II., 
Section IV., p. no). Pains are taken to clean the wool 
^/en before removal from the pelt, by the liberal use of 
water and the “ burring machine.” There is much variation 
in quality, and care is taken to keep the various grades 
separate, even during the ” pulling ” operation. From the 
fellmonger the wool passes to the ” wool stapler,” and 
forms the basis of one of our most important mechanical 
industries, the manufacture of woollen cloths. Wool is also 
removed from sheep by the periodic shearing, and in this 
case docs not reach the fellmonger at all. 

Apart from the raw material itself, there are few bye- 
4)roducts of the leather trades which are of commercial 
importance. The sludge from the pits of the limey ard 
contains, in addition to much lime and chalk, a certain 
proportion of protein matter. This is derived partly from 
the blood and dung associated with the hide, partly from 
the solution of the corium hide substance, partly from the 
solutibn of the softer keratins, and partly also undissolved 
and loose hair. This bye-product is rather difficult to 
deal with, as it will not easily dty. It is indeed sometimes 
a problem to dispose of it, except in rural districts, where 
the farmers appreciate its manurial value and will usually 
cart it away for a nominal fee. Where possible, it is better 
to let it drain and settle on land, and pile it up in heaps to 
dry further. Soak -pit sludge has a distinctly greater value 
as manure, on account of the greater proportion of dung 
proteins. As some lime is often used in these pits, the 
product is a really useful fertilizer. v 

The only other bye-product of the leather trades is 
waste leather itself. For small pieces of leather there ‘is 
always some little opening in producing small articles, such 
as washers for taps, etc., and there is also the possibility pf 
shredding or pulping and making an artificial leatl^'^r. ^ The 
best leather substitutes, indeed, are made from waste 
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leath^. Nevertheless, there is always a certain amount of 
waste leather* v^ich only finds an outlet in the fertilizer 
factory.* Such material is* usually steamed or roasted to 
make it brittje, and then crushed in a disintegrator. It is 
then mixed in with other materials, but* is sometimes 
solubilized by the action of sulphuric acid. I^eather seld(^ 
Contains less than 30 per cent, protein. 
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Section II.-BYE-PEODUCTS OF THE 
GELATINE AND GLUE TRADES 

the skin gelatine and glue trades the most valuable 
bye-product is the grease, which is obtained from the 
fleshings " of the adipose tissue. These fleshmgs are 
themselves a bye-product of the leather trades. The 
recovery and purification of this grease has been dealt with 
previously (Part V., vSection II., p. 227). In the skin glue 
tf^ade the only other bye-product is the residue from the 
extraction process (Part V., vSection III., p. 230). This 
residue is known usually as glue “ scutch,” and is composed 
of the proteins of the skin which are insoluble in hot water. 
These insoluble portions are obtained from all layers of the 
skin. There is much hair often in scutch, the hyaline or 
glassy layer (grain), and the elastic fibres of the corium are 
also insoluble, and a proportion is derived from the fibres 
of the adipose tissue on the flesh side. All these portipns 
are fairly rich in nitrogen, and the scutch has, theicfore, 
considerable value to makers of fertilizers. It is liable to 
contain also a percentage of grease, whicli is usually removed 
by steaming under hydraulic pressure. This process recovers 
a valuable b) e-product and increases the manurial value of 
the scutch. There is always left in scutch some of "the 
gelatinous skin substance which, strictly speaking, should 
have been removed during extraction. There is, however, 
a practical limit beyond which it does not pay to do this. 
When this limit is reached the cost of steam in extracting, 
and also in evaporating and drying, together with the loss 
of time and labpur involved by occupation of the plant, is 
gH^fcter than the value of the possible product. 

From the bone-glue indii'stry, the grease is similarly a 
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valuable bye-product, but there is also another of equal 
importaiK^, yiz« the phosphate of lime, which comprises 
about half the raw material. As previously described in 
Part* IV., vSection II., p. 225, this is usually extracted after 
the grease, by solution in weak hydrochloric acid. The 
solution is neutralized in lead-lined vats with milk of linie, 
precipitate of di- and tri-calcium i)hospliates being obtained. 
Calcium chloride is left in solution, and the ])rccipitate should 
be, therefore, well washed if it be desired to have dry 
phosj)hate. The bone-glue industry is, generally speaking,^ 
much more intimately connected with the fertilizer trades 
than the skin-glue trades, indeed the extraction of the bones 
for glue is not always advisable*, in which case the protein 
matter as well as the ])hosi)hatic matter of the bones are 
employ ed for making bone manures.'’ Tor details of this 
industr}^ the reader is referred to a companion volume i^ 
this series on ‘‘ Chemical Fertilizers. " 


KEFERENCF.S. 
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Section IIL— FOOD PROTEINS 


AiyTHOUGH there are those who consider that animal proteins 
^are both undesirable and unnecessary as foods, it is never- 
theless true that man is almost universally a carnivorous 
animal. The animal world provides mankind witji one of 
its chief sources of food, and especially of protein foods. 
Protein foods are unquestionably essential, and animal 
protein foods differ chiefly from those of vegetable origin 
in the fact that they contain generally much more protein. 
Of the proteins noted in our Introduction, the keratins have 
no value as foods ; the gelatins have some value as culinary 
material, but little actual food value ; whilst the albumins 
comprise practically all the useful animal food proteins. 
Whilst the actual flesh of animals is the principal source of 
food \:>roteins— both as to quantity and food value— other 
parts of animals, e.g, kidneys, liver, blood, brains, tongue, 
are used and relished. The most important sources of 
animal food proteins arc from fish, fowl, sheep, cattle, and 
pigs, the meat from these being roughly in the same sequence 
as to digestibility. There are, however, many other animals 
of which the flesh is quite edible, but most of the above are 
specially farmed and propagated primarily for their food 
value. c. 

As the animal food proteins are exceedingly putrescible, 
they are usually consumed within a short time of the animal 
being killed. It is perhaps natural, therefore, that many 
efforts have been made to discover means of prcservhig 
such foods. These efforts form the basis of soq;ie important 
industries, and though they can hardly be included as 
clju^mical industries, it will not be out of place in th^ volume 
to point out that these efforts present analogies wSh, iis 
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welf ^ differences from the methods used for preserving 
hides and*skins^ (Part I., Section I., p. 12). The curing 
of hides, aftd skins is a teiiij^orary preservation from jjutre- 
faction until the opportunity is convenient for the permanent 
preservation (i.e. tannage). The preservatimi of meats is 
analogous to curing inasmuch as more drastic treatm^ 
might indeed make them non-putrescible, but would also 
render them indigestible and unsuitable for food. Thus 
drying, salting, drying and salting, pickling and freezing, are 
just as suitable for preserving food proteins as for hide and, 
skin proteins. Hence we have dried meats, salt bacon, 
pickled beef, frozen mutton, ,etc. To a limited extent 
smoking (fish, bacon, etc.) has been employed as a cure. 
When it has been applied to skins it is usually combined 
with a fat tannage. There is, however, one method of 
preservation of proteins, inapplicable to skins, which ha^ 
been eminently successful and useful for food proteins, 
viz, sterilization by boiling. The food has been placed in 
tins, hermetically scaled, and thoroughly sterilized. Hence 
have appeared corned beef, tinned tongue, sardines, etc., 
which merely illustrate the immense possibilities involved. 
A noteworthy advantage of this method of prese*rving 
animal food proteins, is that the food is already cooked and 
prepared for immediate consumption. 

Another line of effort; is the preparation of concentrated 
foods*. Just as animal foods are on the whole more concen- 
trated in protein than vegetable foods, so these prepared 
animal foods are more concentrated than animal flesh, and 
generally also more soluble. Such preparations of animal 
protein are obviously useful when there is difficulty in 
swallowing and when journeys are necessary into regions 
of poor f«od supply. It is a little doubtful, one must say, 
whether the concentration is as great in some cases as is 
clamed*. 

Yet another industry based upon the animal proteins is 
tl^e manufacture of meat-extracts. These ^re not merely 
conce ^^ ed extracts of animal flesh, but contain especiaHy 
t£e stimulative properties of ahimal food proteins. There 
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is now littJe doubt of the value of thejse preparati^>ns as 
stimulants, and it is claimed for them th^ they not only 
haveVood value, but also that they increase the'fopd valfte 
of other foods used with them. Together with these products 
may be classal all the miscellaneous tonic foods, in which 
J^gteiiis are blended with carbohydrates and often also 
with drugs. These aim at the cure of specific disorders, 
such as nervous debility, sleeplessness, etc. Their claims 
are often extravagant. Amongst all the multitude of 
, prepared foods, there deserve particular mention the partly 
predigested foods. In cases where the digestive functions 
are weak or disordered thfse products have been of real 
service. 

One of the tnost useful and valuable of animal food 
proteins is obtained from hen eggs. The “ white " of eggs 
<s almost pure albumin, and there is much protein in the 
yolk also. Eggs are now produced and imported by the 
million, and form a most important item in the countiy^'s 
dietary, the protein being in a very easily digestible form. 

It is also necessary to refer to tlie importance of cows' 
milk as a source of animal food protein. The amount of 
protein in milk (4-5 per cent.) is not large, but it is united 
with fats, carbohydrates, salts, and vitaniines in such 
proportions, that milk is about the only article which may 
reasonably pre.sent a claim of being a complete food.* Milk, ‘ 
moreover, forms the staple diet of infants and >'oung 
children, so that its protein is certainly of great importance. 
As an infant food, cows' milk is not altogether ideal. Even 
when the proportions of fat, carbohydrate, and protein have 
been adju.sted to resemble human milk, there remaim^ the 
difficulty that some of the proteins of milk (especially the 
casein) are too indigestible for young infants. Thi# difficulty 
has been only partly surmounted by those industries engaged 
iu manufacturing infant foods. Some claim to rentove the 
bulk of the casein ; others to have rendered it, digestible by 
treatment witl| enzymes; others, again, simply claim to 
Ripply concentrated cows' milk. Tinned milk, ^generally 
concentrated to some extent, now forms a useful a*Sditidh 
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to animal food products. The casein of milk also finds 
some outl^ for* industrial purjmses. When treated with 
fo*rmaldeh}Me it yields an artificial horn much used fc 4 the 
preparation of imitation tortoiseshell. vSkim milk is treated 
with caustic soda or carbonate of soda, tke casein prc' 
cipitated by acid, pressed, impregnated with formaldehy^ 
{tnd dried. The product is termed ‘‘ galalith." It can be 
distinguished from real tortoiseshell by the action of fuming 
nitric acid (.see J.C.S.I., 1909, loi). 

The utilization of the blood of animals, which is very^ 
rich in protein, as a foodstuff has long been known, but has 
met witli a good deal of prejiidice in lliis country. This 
prejudice has arisen not merely from the objection to blood 
as food, but also from the fact that such foods have been 
particularly liable to putrefaction and hence to cause 
poisoning. The shortage of all foodstuffs occasioned bj 
the luiropeau War did much to overcome this prejudice, 
and there were considerable developments in the manufacture 
of black pudding and similar preparations of animal blood. 
'I'lie same circunivStances made it nece.ssary to consider more 
.seriously the possibilities of other butchers’ offal as human 
food, and resulted in new preparations of tinned rtninial 
proteins being placed on the food market. 

The author would like to record his 0[)inion that by no 
nieanif the last word has'been said on the question of drying 
as a method for prescr\dng animal food proteins. There is 
much to be said for this method on every ground in theory, 
and it is evidently an increasing success in practice. Dried 
milk has been followed by dried eggs, and in view of the 
suctess of the method when applied to fruits and vegetables, 
there seems a prospect of better success in re.spect of dried 
meats. ‘After all, animal food proteins are chiefly lyophile 
colloids, and though desiccation presents some practical 
(fifficulties, the subsequent imbibition {assisted perhaps by 
lyotrope influences) seems to be the ideal method for 
jestorin^ preserved protein to its original condition. 

Iii^nclusion, it will be interesting to note in the^jjb- 
^oined table, the relative impcfrtance of the different sources 
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of supply of both animal and vegetable food protein. The 
figures are taken from the report of a Committee of the 
Royil Society. They show th 5 average quantifiei? of food 
materials (imported and home produced) available for the 
United Kingdom during the five years 1909-1913 inclusive, 
h(^ether with the amounts of protein, fat, and carbohydrate 
present and the energy value. This information formed thfc 
basis of the Committee’s recommendations as to economy 
of protein during the war shortage. These recommendations 
.included the more economical production of meat by 
slaughtering cattle younger and the saving of 55,000 metric 
tons of protein annually V adopting clieese-mak'ing as a 
general practice in place of butter-making. 




Metric tons. 

Energy 





value. 


lYotein. 

Fat. 

Carbo- 

hydnitc. 

millions of 
calories. 

Cereals .... 

549,000 

63,000 

3,628,000 

17,712,000 

Meat .... 

^56,000 

799.000 

— 

8,890,000 

Poultry, eggs, game, andl 
rabbits . . . . f 

42,000 

31,000 

- 

461,000 

Fish 

1 91,000 

17,000 

— 

531,000 

Dairy produce, including lard'i 
and margarine . . j 

i 

199,000 

686,000 

258,000 

8,253,000 

Fruit .... 

’ 9,000 

14,000 ! 

222,000 

1,077,000 

Vegetables 

1 120,000 

10,000 

1 1,031,000 

' 4,812,000 

Sugars (including cocoa, etc.) 

1 

1 8,000 

1 1,572,000 

6,633, 000 

Other cottage and farm pro-V 
duce . . . . 1; 

67,000 

13,000 

t 1 

551,000 1 

i 2,6^55,000 



Sectio^j IV.—MISCELLANEOUS ANIMAL 
PKOTEINS 


The excreta of animals include animal proteins of greaX 
importance to agriculture and horticulture, forming the 
staple supplies of manure. Tbe manure of animals should 
contain not only the solid waste material and undigested 
food, but also the urine, which contains much nitrogen, 
and hence makes considerable difference to the value of the 
product as a fertilizer. If the animals are fed on rich foods, 
the manure obtained is correspondingly richer, especially 
in its protein content. 

The value of dung manures depends not merely upon 
the protein content, but also upon its content of phosphate 
and potash, as well as other organic matter. The protein 
breaks down into simpler nitrogenous compounas, and 
eventually, through ammonium carbonate, it becomes 
nitrate. Nitrogenous manures darken leaves and increase 
growth considerably. ’ Dung manures are deficient in 
phosphates and potash and arc of value partly as nitrogenous 
manures producing growth, and partly as dressings of organic 
matter for soil. From both pomts of view it is desirable 
that the manure should be well decayed. Fresh dung 
manures are both wasteful and injurious to soil, except 
perhaps to very stiff clays. They are wasteful inasmuch as 
much Ammonia escapes, and injurious inasmuch as they 
cause the denitrification of the valuable nitrates already 
in the soil. When possible dung manures should be kept 
under cover. Free exposure to air and rain will sometimes 
•reduce, its value by one half. It should be stored imtil 
“ and until the straw has rotted and bto^me 

short.'' This takes usually several months. A ton of 
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well-rotted farmyard manure contains veiy' approximately 
io-i2^1bs. nitrogen, about tbe same amount of pdtash, and 
about half that quantity of pHgsphates. It is/ however, 
very variable. Horse manure is rather richer than cow' 
manure, but im)re liable to loss on storage. Pig manure is 
iitc<;^nnediate between them. Sheep manure is distinctly 
richer in protein, and has therefore greater value as nitro-* 
genous fertilizers. Poultry droppings are richer still, 
perhaps partly because they include the uriiiar>' products. 
yVJieii fresh they contain 18-25 lbs, nitrogen, 12-24 
})hosphate, and 6-12 lbs. ])otash per ton. When dried tliey 
have about double the value. r Pigeon manure is even richer, 
and the pigeon loft scrapings have a manurial value a])out 
double that of dry hen manure, and eight limes tliat of 
farmyard manure. Guano is much decayed dro])pings of 
S((a birds on the tropical coasts of Africa and America. 
The supplies arc now quite exhausted, and the market 
guanos are chiefly artificial fertilizers. 

There is one other animal protein which must be referred 
to before this volume is concluded, viz. silk. This is 
obtainM from the cocoon of the " silkworm,” which is 
the general name given to the larvic of certain bombycid 
moths. These larVcC feed on the leaves of the mulberry, 
and when ready to ])U])ate [)ioduce a considerable sup])ly 
of a Soft and delicate thread which is wound round about 'the 
larva itself. This is the raw silk, and it is unbound from 
the cocoon in a machine called the “ silk-reel,” and may 
then be wound into a thread. Two or more threads twisted 
together form thrown-silk.” Silk threads are also vvoxen 
into cloth of characteristic texture and apj)earance. This 
protein thus forms the raw material of one of the most 
important textile indirstries. 

From the fish trade there is much animal protein, which 
is useless for food purposes and which, to avoid nuisance, it 
is yepessat}^ to convert promptly in fertilizers. Dutyj^the 
herring season there is the ’disposal in this way of the 
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heads, tails, and the guts. Many fish are incidentally 
paught which, being valueless as food, are yet useful as 
maguit?. After the extraction of oil from tish livers the 
residue is suitable for a similar purpose. These residues 
are steamed, dried, and ground up, formiilg fish manure^ 
rich in nitrogen and often also in phosphate. 


khfi:rences. 

‘ Chemical Fertilizers anti raribiticicles,” S. H. Collins, M.Sc. 
"Organic Nitrogen h'ertilizers,” J^art lU., Section II., p. 105. 
" Fish .Manure,” p. no. 
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for pickling, 114 
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Adsorption, law of, 43 
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Coefficient of conductivity, 253 
Colloid toemistry, 201 
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Conductivity cocfficyuit, 263 
dt-^tinental hides, 14 
CroA leather, 178 
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leather, 115 
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Faces, 220, 268 
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Fertilizers, 209, 279 
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light leather, 90 
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manure, 280 
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Food proteins, 274 
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dried. 277 
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Galalith, 277 
Gallic acid, 20 
Galls, 32 
Gambler, 40 
Gelatine, bleaching, 241 
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dccolorizatioii, 231 
drying of, 255 
evaporation of, 248 
extraction of, 230 
properties of, 200 
raw material for, 220 
uses of, 200 
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goat and sheep, 103 
Glazing, 97, 155 
Glove leather, 174 
Glue {see Gelatine) 

dilference from gelatine, 24l 
Goatskins, 99, 103 
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Grease in bones and scutch, 224, 227 
in skins, 115 
Guano, 278 


Hair, removal of, 22 
Handlers, 47 
Hard-grain morocco, 1 1 7 
Harness leather, 71, 170 
* Heavy leather, 7-92 

chrome leather, 170 
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British, 8 
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Lambskins, 110, 163, 174 
Ltrch bark extract, 41 
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Leatl^er, definition of, 27 
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KVfts, 18 
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shaving, 62, 82 
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Mangrove bark extract, 41 
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Meat extracts, 275 * 
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tan liquors, 44 
Memel butts, 83 
Milk. 276 
Mimosa bark, 33 
Miscellaneous proteins, 266, 279 
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Mordants, 96 
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goat, 99 
seal, 106 
sheep, 110 
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Nature of chrome leather, 127 
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Nett adsorption, 215 
Neutralization, 163 
Nitrogen in proteins, 1 
value of manures, 280 
Noses, 268 


Oak bark, 34 
Oakwood extract, 37 
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Oil tannage, 181 
One-bath chrome tannage, 149 
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Oxidation method of bleaching, 
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Pelt, preparation of, 16, 92, 139 
Peroxides for bleaching, 246 
Phlobajilienes, 33 
Phosphale of lime, 223, 226, 273 
Picking band butts, 90 
Pickling foods, 275 
skins, 114 
^^sklns, 92 
Pme^mrk, 34 
Plun^ng, 19, 44 
Precipitation, 230 
Predigested foods, 270 
Preparation of pelt, 16, 92, 130 
Press leach, 36 
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on pickling, 115 
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Protective colloid, 237 
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composition of, 1-3 
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miscellaneous, 266, 271) 
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Roller leather, 118 
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Salted food proteins, 276 
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Summing, 60 
Satin leather, 70 
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Scouring, 61 
Scudding, 22 
Scutch, 271 
Sealskins, 100 
Seasoning, 97 
Semi-chrome, 191 
Sharp limes, 19 
Shaving, 61 
Shearlings, 114 
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on leather, 60 
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Short processes, 47, 194 
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hides, 86 
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Swelling of gelatine, 201~22( 
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chrome, 127, 139 
' combination, 1 91 
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(ttinage, fat, 1 78 
fftrmalin, 185 ^ 
oil, 18t • 

with 3|/Tithetic materials, 1^7 
of t)ag leather, 86 
of bridle leather, 71 
of belting leather, 66 
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of sole leather, 55 
of upper leather, 70 
of roller leather, 118 
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skins, 92-123 
Tanning, theory of, 41 

chrome, theory of, 129 
Tannins, catechol, 32 
'lassilkation of, 28 
properties of, 27 
pyrogallol, 28 

Thrce-paddlc system of tanning 
skins, 103 

Three-pit system of liming, 19 
Tissue, adipose, 271 
Two-bath chrome tannage, 142 


Udders, 220 

l^nhairing, 22, 23 

Upper leather, 76, 116, 120,<f23 

Vacuum on condenser, 260 
pan, 248 

Valency rule, 131, 230 
Valonia, 30 

Vatting sole leather, C2 
Vegetable tannage, 41 
of hides, 66-90 
skins, 92-123 
tanning materials, 28 
Velocity effect on lieat transference, 
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j War, effect on methods, 194, 265 
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1 Warble fly, 10 
! Waste leather, 270 
j Wattle or mimosa bark, 33 
! Waxed leathers, 7<l-86 
i Weather drying, 49 
i Willow bark, 32 
I calf, 1 56 

Wood, J. T., action of puer, 94 
Wool, 110, 2fi9 


Yar-yan evaporator, 249 
Zones of compressed water, ^202-206 
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